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1 Welcome to WIinSRFR

WinSRFR isan integrated hydraulic analyses application for surface irrigation systemsthat combinesa
simulation enginewithtoolsfor irrigation system eval uation, design, and operational analysis. Intended
usersareirrigation specialists, university extension agents and researchers, consultants, and farmers
with moderate to advanced knowledge of surfaceirrigation hydraulics. WinSRFR isthe successor to
irrigation modeling software devel oped over the past 20+ years by the USDA-Agricultural Research
Service, namely:

SRFER: Onedimensional simulation of basin, border, and furrow irrigation
BASIN:  Level-Basinirrigation design and operations
BORDER: Sloping-Border irrigation designand operations

Inthisinitial release, WinSRFR integrates the functionality of those legacy applications. Future
releases of WinSRFR will enhance the original analytical capabilities and add new capabilities. Shown
hereisthe Project Management Window, the first window to display when WinSRFR starts.

3 Win5SAFA Project Management - Help & Manual. sty [Farm: Brown Famm)
File Edit Took Help
DE v N

Farm: Brown Farm, Field: Cofton Field

‘Analysis Explorer
=l Farm: Brown Farm
= W Field: Cotton Field WinSRFR Worlds
=] Event Furrow Irrigation
& Infiltrated Profile
=1 Design: Border Field

&3 Design# Event
=i Operations: Border Field Analysis
- . 1 Design#1

= 28 Simulation: Folder 1
£2 Infiltrated Profile Verification

Physical Operations
Details - Infiltrated Profile Design Analysis

ID || Motes DataHistory | Log

Name: |Infillrated Frafile Press button to enter WinSRFR World
Created: Thu Dec 15, 2005 11:22 AM

Evaluator: s

View & edit the identification for the selected item. User Level: Advanced | 11:50 AM

Figurel.1- WinSRFR Project Management Window
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WinSRFR combinesthe functionality of BASIN, BORDER and SRFR with new capabilities, into four
color-coded Worlds:

Event Analysis World - New irrigation event analysisfunctionality

Physical Design World - BASIN and BORDER's design functions

Operations Analysis World - BASIN and BORDER's operations and management functions
Simulation World - SRFR'ssimulation functions

Event Analysis

LN |
| e SN
A —
B = il i
S = C ——— Yorld wind ows
=y o run
e i WinSRFR functions
':I--I_..l,,, PR e ey w2

e Simulation

P EEE k| i@

B BR Fam tib Fmesin P - = I
ODE R oo : . s

“afta
| Farm: Tag Hoan Faom, Fiold 4 :J T ! i
Aivaibgsiss Explosit e T
& il Preamrc Thes Mozen Famm i AL
ek nSRFR Worlds ST —
B E,Lq,'_ LTS =k TIn -
S Ewert Arabyrin Mo e e
= De=spr Wenakd
Evoat _:-.l- R e e = e e e = e
= Oipsarsbiorra Wodd *
[ e

= Srietan: Wad
& i gaion Sivulaion

| Dhetaila - Do Arysia SR
[T | maws | Commsay | Log | |
Urmigs pembines 2T
Hesa:  [Casigr Aneheis |
Crapisd:  Frolss Juse 06 2005, 127 Ful T
Evahustar [l ) ) .
Ewn . | Pt | 134FM ’ :E: :1 ; :. -.:.:‘: -.::L.n;i.--;ln-
AN T
Thig window e TP ey
manages T — = . .
. e % "1 w9 = | A= | [T |
your project I SRR 2 Operations Analysis
T i ey e s o
Taade cami by gl w Emp d ERE | e MR
e B -
eI ]
L) PR
T
o
Physical Design

Figurel.2- WinSRFR Four Worldsof Functionality
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1.1  Getting Started

WinSRFR is developed and supported by:

USDA - United States Department of Agriculture
ARS - Agricultural Research Service
ALARC - Arid-Land Agricultural Research Center

Comments and questions can be directed to :

email: jschlegel@uswcl.ars.ag.gov

US mail:  WIinSRFR
Jim Schlegel
Arid-Land Agricultural Research Center
21881 N. Cardon Lane
Maricopa, AZ 85239

1.1.1 Operating System and Hardware Requirements

WIinSRFR isaWindows application implemented using Microsoft's.NET Framework 1.1. WinSRFR
was built on the ported design, operations and simulation functionality from BASIN, BORDER &
SRFR legacy DOS applications developed by the USDA-ARS (at the former US Water Conservation
Laboratory). The User Interface (Ul) was updated to take advantage of the current Windows
capabilities, but the analytical procedures are the same as those of the legacy applications.

WIinSRFR requiresthefollowing minimally configured PC for acceptabl e operation:

Supported Oper ating Systems

WindowsXP
Windows 2000

Additional Softwar eRequirements

Microsoft's.NET Framework 1.1 (Installed by WinSRFR Installer if necessary)
WInSRFR has not been tested with .NET Framework 2.0.

StorageRequirements
20 MB for the program. Project files can each be several MB in size.
Monitor
800 x 600 or larger resolution
All windows and dialog boxes provided by WinSRFR fit within an 800 by 600 pixel rectangle. This
allows WinSRFR to be run on monitors capable of displaying 800 by 600 resolution or better. Most

windows can beresized and, when operated in the Graphics Only view mode, all graphical results
automatically scaleto fit the available space.

© 2006 ... USDA / ARS / Arid-Land Agricultural Research Center
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1.1.2

1.1.3

Installation / Uninstallation
Installation

WIinSRFR must beinstalled using theinstallation program ALARC WinSRFR Setup.exe, which will
decompressall neededfiles, register librarieswith the Windows operating system, and create needed
directories. By default, the program will install under the C:/Program Filesfolder and create a
/USDA/WIinSRFR xx.xx subdirectory, where xx.xx isthe version number. Other USDA-ARS
developed software may alsoinstall under thefolder /USDA.

Uninstallation

The program must be uninstalled using the Add/Remove Programs command under the Windows
Control Panel, in order to correctly unregister the application and all its associated files.

Accessibility Issues

WinSRFR is designed to meet the accessibility guidelines set forth in the Certified for Windowslogo
handbook:

e Support standard system size, color, font, and input settings. This provides a consistent
user interface (Ul) across all applications on the user's system.

o Ensure compatibility with the High Contrast option for users desiring a high degree of
legibility. When this option is selected several restrictions are imposed upon the
application. For example, only system colors selectable through Control Panel or colors
set by the user may be used by the application.

e Provide documented keyboard accessto all features. This alows the user to interact
with the application without requiring a pointing device, such asamouse. See
Keyboard Navigation.

e Provide notification of the keyboard focus location. It should always be apparent both
to the user and programmatically which part of the application hasthe focus. This
requirement also enables use of the Magnifier and Narrator accessibility aids.

« Convey noinformation by sound alone. Applicationsthat convey information by sound
must provide other options to express this information.

All windows and dialog boxes provided by WinSRFR fit within an 800 by 600 pixel rectangle. This
allows WinSRFR to be run on all monitors capable of displaying 800 by 600 resolution or better. Most
windows can beresized and, when operated in the Graphics Only view mode, all result graphs
automatically scaleto fit the available space.

WIinSRFR has been tested with these Microsoft supplied accessibility aids:

o Magnifier - Magnifiesaportion of the computer's desktop for easier viewing
o Narrator - Reads the names, values and actions associated with displays and controls

© 2006 ... USDA / ARS / Arid-Land Agricultural Research Center
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1.1.4 Credits and Acknowledgements
Mr. James Schlegel wasthelead programmer for the WinSRFR development project.

The unsteady flow simulation enginewas developed by Dr. T.S. Strelkoff.

Basin design and operational procedureswere developed by Dr. A.J. Clemmens, Dr. A.R. Dedrick, and
Mr. R. J. Strand.

Border design and operational procedures were developed by Dr. T.S. Strelkoff, Dr. A.J. Clemmens,
Mr. B.V. Schmidt and Mr. E. J. Slosky.

WInSRFR routinesfor event analysiswere developed by Dr. E. Bautistaand Dr. A.J. Clemmens.

USDA-NRCS provided significant input and feedback during the devel opment of this software package.
In particular, USDA-ARS acknowledges the contributions of Mr. Clarence Prestwich, Irrigation
Specialist, National Water & Climate Center, USDA-NRCS.

1.1.5 Disclaimer

The software can be used to analyze both practical and theoretical irrigation problems. Analytical
procedures are based on mathematical representations of irrigation systems, using acombination of
physical principlesand empirical relationships. Usersneed to interpret resultsjudiciously, however, as
they depend on uncertain inputs and assumptionsthat may beviolated in thefield. The United States
Department of Agriculture and the Agricultural Research Service accept no liability or responsibility of
any kind resulting from installation and use of this software.
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1.2

Irrigation Analysis Overview

WIinSRFR organization and functionality were defined based on the analytical processtypically
followed when examining surfaceirrigation hydraulic problems.

Thefirst step in the processis an evaluation of current performance. Theanalysis, based on field-
measured data, determinesthefate of theirrigation water: how much water was applied, how much
contributed to satisfy the requirements, e.g., to replace the soil water deficit, and how much was|lost by
deep percolation and runoff. For these studies, datafrom one or more observed irrigation events needs
to be organized, represented graphically, and summarized. The evaluation may also be used to
generate estimates of infiltration parameters, needed to determineinfiltration distribution, and those
parameter values haveto bevalidated. The analysisgenerates performance measures and helpsidentify
operational and/or design factorsthat may be affecting performance.

The next step in the processisacomparison of aternative operational scenarios. Using simulation
tools or procedures such as those described in the NRCS design guides, the analyst needs to predict the
irrigation system's performance as afunction of operational variables (dischargerate, application time).
This can be done manually, by trial-and —error, or automatically, if computer tools are available for
conducting repeated computations across arange of valuesfor the variables of interest. The analysis
may produce an operational recommendation for the assumed averagefield conditions (infiltration,
roughness, target application depth) or may suggest the need for an alternative design.

Inthelatter case, the analysis may examine the performance under an alternative layout. Thismay
include changesinfield slope (if soil conditionsallow) and field dimensions (length and width). Again,
simulation or accepted engineering procedures need to be applied to perform these types of analyses,
based on expected averagefield conditions.

For both operational and design studies, and becausefield conditionsvary during theirrigation season,
sensitivity analyses need to be conducted to assess how performancewill degradewith likely variations
in systeminputsrelativeto the design values. If performance provestoo sensitive, then additional
design or operational analysiswill haveto conducted, to identify an alternative recommendation (design
or operation) that ismore robust (i.e., arecommendation that may attain alower performance level but
that may beless sensitiveto possible deviationsin field conditionsfrom the design values).

Given this process, WinSRFR was designed with two important organizational features. First,
WinSRFR hasfour major defined functionalities. These functionalities, referred to asWorldsin the
software, are Event Analysis, Operation Analysis, Physical Design, and Simulation. Thesefunctions
areexplainedin later sections. The second organizational feature isthat scenarios run with these
functions are stored in separate datafolders. This structure organizes the datainto logical groupsand
allows outputs generated in one World to be used asinputsin adifferent World (aswell asusing the
sameinputsin different Worlds).

© 2006 ... USDA / ARS / Arid-Land Agricultural Research Center
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1.3  Hydraulic Analysis Overview

This section summarizesthe hydraulic analysis capabilities of WinSRFR's Event Analysis, Simulation,
Physical Design, and Operation AnalysisWorlds. Except for the Event AnalysisWorld, WinSRFR's
capabilities are based on those provided by the legacy programs SRFR, BORDER and BASIN
programs. Detailed technical descriptions of the procedures employed in thisapplication are provided
invarioustechnical references, several of which are provided with this software as PDF help files.

1.3.1 Event Analysis

Proceduresin the Event Analysisworld are used to eval uate the performance of irrigation eventsfrom
field measured dataand to estimate infiltration parameters needed for eval uation, simulation, physical
design, and operational analysis. These procedures use physical principles, particularly amass balance,
to determinethe disposition of theirrigation water. Three evaluation procedures currently are provided:

o Infiltration profile analysisfrom probe penetration data
e Merriam-Keller analysisof advance and recession data (Merriam and Keller, 1980)
o Elliot and Walker's (1982) two-point method analysis of advance data

Probe penetration analysisis an evaluation technique that relies on measurements of the post-irrigation
depth of the infiltration wetting front. This depth is determined by driving ametal probe through the
wetted profile at several locationsaong thefield, and isapplicablein heavy to medium-textured soils.
Thewater penetration depth is used to estimate the post-irrigation depth of infiltration water d
contributing to theirrigation target, D,o,. D;eqiS Calculated considering the depth of water needed to
replacetheroot zone soil water deficit and water needed to meet the leaching and other requirements.
The analysisrequires measurements of inflow and outflow, adescription of theroot zone'savailable
water capacity, and pre-irrigation soil water deficit. The applied and outflow volumes (for open-ended
systems) are used to cal cul ate a post-irrigation mass balance. Output of the analysis are: @) the applied,
runoff, and infiltrated depth totals; b) infiltration depth profile; and; ¢) performance measures, including
applicationefficiency and uniformity.

TheMerriam-Keller procedureisamethod for estimating the infiltration depth profile from a post-
irrigation mass balance. The method can be applied to basins, borders, and furrows. The method
matchesthe observed infiltration volume, cal cul ated from the difference of measured inflow and
outflow, with the numerical integral of the post-irrigation longitudinal infiltration depth profile.
Infiltration depth at discrete pointsalong thefield is calculated from observed intake opportunity times,
computed from the measured advance and recession times. Originally, the method used theresulting
mass bal ance rel ationship to solve for the constant k of the Kostiakov infiltration, with the exponent a
givenfromringinfiltrometer measurementsor experience. WinSRFR implementsthe Merriam-Keller
procedure using the Extended K ostiakov infiltration equation; therefore the user must additionally enter
estimates of thefinal, steady stateterm b and the storage term c (or set them to zero, if the Kostiakov
equationispreferred) in order to solvefor the constant k. In addition to the outputs described above,
the analysis produces an estimate of thefield'sinfiltration function. The accuracy of the estimated
function can be verified viasimulation. A trial-and-error approach needsto be used to determinethe
combination of parameters (thegiven a, b, ¢ and the resulting k) that will most closely reproduce the
observed advance and recession trajectories, and the observed runoff hydrograph, if one was measured.

Elliott and Walker's Two-Point Method isaprocedure for estimating the k and a parameters of the
extended K ostiakov equation from two advancetime observations. The method was devel oped for

© 2006 ... USDA / ARS / Arid-Land Agricultural Research Center
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1.3.2

sloping furrow irrigation. WinSRFR'simplementation of the method allows the user to apply it to
sloping bordersaswell. The method uses the two observed advance timesto set up two mass balance
equations. Such equations require estimates of the volume of water stored in the surface during
advance. Those estimates are generated by the procedure, under the assumption of normal depth at the
measured advance times. WinSRFR will check if the normal depth assumption isapplicable and will
not completethe analysisif theassumptionisinvalid under thefield conditions. The analysisdoes not
reguire ameasured hydrograph, but at least an estimate of the Extended K ostiakov steady state
infiltration rateterm b isneeded in order to calculate k and a (c is assumed equal to zero). Inputs
required by the analysis are; a) the measured inflow; b) advancetimesto two distancesalong thefield
(half thefield length and full field length are strongly recommended); c) the measured outflow or an
estimate of the steady state infiltration rate; d) an estimate of the Manning roughness coefficient, which
isused to calculate normal depth; and €) for furrows, adescription of the furrow cross sectional area
(side slope and bottom width for trapezoidal furrows, power constant and exponent for parabolic shaped
furrows). Outputs of the analysis, asindicated before, are k and a. If runoff measurements are
available, then the function can be validated viasimulation. In such cases, atrial-and-error approachis
recommended to find the function that will best match the observed irrigation event, based on adjusting
thevalueof b.

Simulation

SRFR solvesthe unsteady open-channel flow equations coupled with empirical equations describing
infiltration and channel roughness. The partial differential equationsof unsteady open-channel flow
represent the physical principles of conservation of massand momentum. Given therelatively low

vel ocities and Froude numbersthat characterize surfaceirrigation flows, SRFR uses simplified forms of
the momentum equation. Such amodeling approach isnearly as accurate as using the full unsteady
equations, if used under the right conditions, but is more robust and computationally faster. The zero-
inertia(equilibrium) version accounts only for pressure gradient, friction, and gravitational forcesacting
ontheflow. Thisform of the equations can be appliedto all practical field conditions. The kinematic-
wave version ignoresthe pressure gradient force and assumesthat frictional forces arein balance with
gravitational forces, i.e., that flow isat normal depth everywhere. Such an assumption isreasonable
with relatively large slopes and only when there are no backwater effects (i.e., isapplicable only to
open-ended systems). SRFR automatically determineswhich model to use under the given conditions,
but the user can override the kinematic-wave option (i.e., the user can use the zero-inertiaoptionin
cases where the kinematic-wave approach is applicable, but cannot specify the kinematic-wave option it
that method isinapplicable).

Infiltration can be cal culated from physical principlesand surfaceirrigation model s have been proposed
that couple physical infiltration equationsto the unsteady flow equations. Those modelsare
mathematically delicate and presently impractical except for fundamental scientific studies. At this
time, SRFR usesempirical infiltration relationships, with the specific functional form selected by the
user. The basic Kostiakov power law and some variations are provided by SRFR.

SRFR can be configured to model basins, borders, and furrows, but it isaone-dimensional simulation
model -- it assumesthat all flow characteristics vary only with distance along the main direction of flow
(longitudinal distance) and time, but not acrossthefield width. For borders and basins, the model is
applicableto situationswherefield properties and system inputsvary negligibly acrossthefield width,
e.g., negligible cross slope, uniform infiltration and roughness, and uniform inflow. Inthe case of
furrows, simulations consider only singlefurrowsand, therefore, neighboring furrows are assumed
identical. Any variation in propertiesfrom furrow to furrow within afield must be modeled separately.

© 2006 ... USDA / ARS / Arid-Land Agricultural Research Center
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Theresults of asimulation, like those of an actual runinthefield, depend on the hydraulic properties of
the soil and crop (infiltration and roughness), the geometrical configuration of the system (length, cross-
section, slopes, etc.), and system operation (flow rates, duration). Performance estimates depend also
onthetarget infiltration depth for theirrigation. Users can assign constant field propertieslike the
infiltration characteristics and roughness, bottom slopes, and furrow cross sections, or can prescribe
variationsin these properties with distance along the flow direction, and with inundation time. The user
needsto specify all theseinputsfor the simulation to be performed. Simulation resultsincludethe
advance and recession curves, flow and depth hydrographs at specified locations, water surface profiles
at specified times, and avariety of performance measures such as application efficiency, distribution
uniformity, and adequacy of theirrigation.

1.3.3 Physcial Design

Designinvolvesfinding oneor morefield configurations (length and/or width) that will yield acceptable
levels of performancefor the given field slope, soil and crop characteristicsand availableinflow. The
analysisrequires simulation resultsfrom different combinations of the design variables. TheBASIN
and BORDER programs were designed for that purpose, the former dealing with level basinsand the
latter with open-ended sloping borders. The procedures programmed in those applications have been
adopted unmodified in WinSRFR.

Rather than making repeated callsto the ssmulation engine, the BASIN and BORDER design
procedures cal cul ate pertinent performance measures by interpolation, from static tables of simulation
results. Thetabular results are based on solutions of the unsteady flow equationsin non-dimensional
form. Thenon-dimensional equationsreduce the dimensionality of the problem (i.e. reduce the number
of input variables) and allow usto represent hydraulically related classes of irrigation problems based
onasinglesimulation. Resultsare accurate relative to those obtained directly from simulation and
computations are extremely fast.

Even with adimensionless system of equations, irrigation problems depend on many inputs. The
original BORDER and BASIN databases represent thousands of simulations covering practical ranges
of theinput variables. Similar tables have not been devel oped for low-gradient, closed-ended border
irrigation or any type of furrow irrigation system. Therefore, at thistime, design analysisisrestricted to
level-basin and open-ended sloping border irrigation. Furthermore, the analysisisrestricted to therange
of input variables contained in the tables of simulation results. Users have reported field conditionsthat
arenot covered by the existing dimensionless databases.

WinSRFR consolidates the design procedures of BASIN and BORDER in the Design World. The
design procedures are quite different, partly dueto hydraulic considerations, but also dueto the
independent anal ytical approaches adopted in the devel opment of thelegacy programs.

For level-basin systems, which have zero slope and runoff, the design is constrained by theoretical
performancelimits: for agiven set of conditions, thereisafield length beyond which impractically large
inflow rates coupled with very small times of cutoff would be required to maintain atarget performance
level. Thiscombination would require streamsto "coast” (advance without inflow) for so long after
cutoff that reaching the end of the basin becomes problematic, with even slight deviationsfrom the
assumed infiltration and roughness. Given pertinent field input and atarget performancelevel
(distribution uniformity based on the minimum depthin the distribution, DU,;,,), thelevel-basindesign
procedurestreat thislength as an upper limit, with shorter basins and commensurate widths stemming
from practical field considerations. The solution, e.g. arecommended length and width given an
availableinflow rate, will match the minimum application, D, With theirrigation requirement, D, ¢q.
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1.3.4

Theoretical performancelimitssimilar to thosefor level basins cannot be readily defined for graded,
open-ended border irrigation systems. With borders, distribution uniformity gains obtained through
increased inflow rate are ultimately offset by increasing runoff losses. And rather than identifying a
specific solution with agiven performancelevel, the border design procedures generate a series of
performance and management-variable contoursthat allow the user to examine the tradeoffs amongst
design-variable combinations. Asinthelevel-basin case, border design analysis can be based on DU .,
but it can a so be based on the low-quarter distribution uniformity, DU,. Inthis case, thedesign
matchesthelow-quarter average applied depth, D,q, with D,¢,. Contours produced by the border-design
proceduresinclude Potential Application Efficiency (PAE) and Distribution uniformity (DU) based on
either minimum or low quarter depth, runoff and deep percolation losses, and theratio of cutoff timeto
advancetime.

Performance and management contours can also be devel oped for level-basin design but this option was
not considered at the timethat BASIN was programmed. 1t may be considered in future versions of
WInSRFR.

Operational Analysis

Operational analysisissimilar to design analysis, except that the configuration isfixed while
operational variables (discharge and cutoff time/distance) are unknown. Thus, the analysisrequires
simulation resultsfrom different combinations of the operational variables. WinSRFR's operational
analysisroutines currently are those availablein BASIN and BORDER and, therefore, the analysisis
limited to level-basins and graded open-ended border systemswith the computational approach the same
asfor physical design (interpolation amongst tabul ated results).

Operational analysisfor level basins parallelsthe corresponding level-basin design procedures. For the
giveninputs, for examplelength, width, and availableinflow rate, the procedureswill identify a cutoff
timethat will just meet D, and the corresponding DU, Alternative solutions can be found
depending on user-specified constraints. For example, the analysis may specify an advancedistance at
cutoff, in which case the operational procedures compute acorresponding inflow rate and DU ;.

Similarly, operational analysis proceduresfor bordersare conceptually related to the corresponding
design procedures, except that the user does not specify D, asfixed in theanaysis. For aspecified
field configuration and soil and crop properties, the procedures generate performance contoursasa
function of discharge and cutoff time or discharge and cutoff location. Those performance contours
cover arange of Dy With Dy, = Dyeq OF Dig = Dyeq. The user then identifies that range of solutions that
meet aspecified D,o,. That range can beidentified by simultaneously viewing the performance contours
with the Dynamic Water Distribution Diagram, which isdescribed in section XX.
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1.4
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Creating and Using WIinSRFR Projects

WinSRFR's User Interfaceis provided by aset of Windows and Dia og Boxes.

Project Management Window

Event Analysis World
Physical Design World
Operations Analysis World
Simulation World

Project Management Window

The Project Management window is displayed when WinSRFR starts. Thiswindow isused to create

and manage data within a particular WinSRFR project.

3 Win5SAFA Project Management - Help & Manual. sty [Farm: Brown Famm)

File Edit Tooks Help

Title shows selected

DS w8

& Farm & Field

Name: [Infiltrated Profile

Created: Thu Dec 15, 2005 11:22 AM

Evaluator: s

Farm: Brown Farm, Field: Cofton Field "
‘Analysis Explorer
=l Farm: Brown Farm Analysis Explarer
= W Field: Cotton Field shows hierarchical WinSRFR Worlds
= Event Furrow Irrigation tree-view of the
@ Infiltrated Profile Anslyses &
='_1 Design: Border Field Simulatians
: _.'"0 Design #1 Event Simulation
=i Operations: Border Field Analysis
- .1 Design#
=24 Simulation: Folder 1
£ Infiltrated Profile \erification
Analysis Details
displays the 1D,
Motes, Data History
& Log forthe
selected item. Physical Operations
Details - Infiltrated Profile Design Analysis

Fress button to enter WinSRFR World

View & edit the identification for the selected item.

User Level: Advanced | 11:50 AM

Thethree main components of the Project Management window are discussed in thefollowing sections:

Analysis Explorer

Analysis Details
WinSRFR Worlds Buttons
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1.4.1.1 Analysis Explorer

The Analysis Explorer isthe main tool for managing your WinSRFR Analyses & Simulations. It
displaysahierarchical tree-view of the datawithin WinSRFR. Thetop threelevelsare merely
containers; they help you organize your Analyses and Simulationsthat reside at the fourth (i.e. right-
most) level. Refer to Data Organization for adiscussion of WinSRFR's underlying data.

Containers

Thetop threelevelswithin the Analysis Explorer help you organize your datawithin aWinSRFR data
file (.srfr).

=@l Farm: Brown Farm _ a thetop isthe Farm. Only one Farmis allowed per file so thislevel only
appears once at the top of thetree. It letsyou verify you have opened the correct file.

= W Field: Cotton Field. _ At the next level (or branch) of thetree are the Fields. A Farm contains
oneor moreFields. TheField containerslet you keep all Analysesand Simulation for each fieldin
onelocation.

= '] Event: Furrow Irrigation

=1 Desian: Border Field

= Operations: Border Field - At the last level of containers are the World Folders. These
folders are associated with the WinSRFR Worlds used to run the contained Analyses or
Simulations. Thislevel letsyou group your data by the type of analysis or simulation being
performed. For example, your may want to perform several Event Analyseson the 1st
Irrigation of aparticular field. Y ou would group these analyses together under an Event
Analysis Folder under the Field as shown below.

=l Farm: Brown Farm

Three levels
are containers
=W Field: Cotton Field

= . Event: Furrow lrrigation
& Infiltrsted Profile

Analysis Explorer

=] Design: Border Field

. &) Design#

= & Operations: Border Field The fourth lewvel
i I Design #1 is for Analyses &
= & Simulation: Folder 1 Simulations

£ Infiltrated Profile Verification =
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Analysesand Simulations

Y our various Analyses and Simulationsreside at the fourth level. An Analysisor Simulationisthe
compl ete collection of field data, run criteriaand the subsequent WinSRFR run results. 1f you want to
make several runswhile varying one or more parameters and you want to save the results of all these
runs, you will want to create individual Analysesor Simulationsfor each run. These can be grouped
within one or more World Fol ders depending on your needs.

{:_ Infiltration Esnmati_l_:nn
I Cotton Field

© ShontBesins - Theicon associated with an Analysis or Simulation showsthe

status of the Run Results. The green plusindicates complete results are available while the
yellow exclamation point indicates results are available but not complete; another stepis
necessary to complete theresults. Thered minusindicates no results are available. Double-
clicking themouse on an Analysisor Simulation will display itscorresponding

WInSRER World. Pressing the Enter key will display the WinSRFR World window for the
currently selected Analysisor Simulation (Cotton Field in the exampl e above)

Context M enus

All itemsin the Analysis Explorer have associated right-click context menusthat provide accessto
functions for managing your WinSRFR data. Context Menus accessible using only the keyboard; a
mouseis not required. See Context Menus and Keyboard Navigation for more details.

1.4.1.2 Analysis Details

The Analysis Details pane provides access to the identification (I1D), Notes, Data History and Log for
Analysesand Simulations. The detailsfor foldersarelimited to ID and Notes.

Details - Cotton Field
D Motes | Data History | Log

Dietails are
intakhs

Mame: |C|:|’rh:m Field

Some details

Created: ‘Wednesday, June 29, 2005, 2:49 P wre aditahle

Ewaluator; | ils

ID - The name of the Farm, Field, World Folder, Analysisor Simulation. The name can be edited.

Notes - An areafor extrainformation you want to remember related to the Farm, Field, World Folder,
Analysisor Simulation.

DataHistory - Tracks how an Analysis or Simulation was created. Thisdatais not editable.

Log - A history of al Runs performed for this Analysisor Simulation. Thisdatais not editable.
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1.4.1.3 WinSRFR Worlds Buttons

Accessto WinSRFR's Worldsis provided by the Project Management Window's Analysis Explorer or
by one of theitsfour colored-coded buttons. Pressing abutton performs one of the following actions:

1) If no Analysisexistsfor that World, it will create one.
2) If only one Analysisfor that World exists, it will be displayed.
3) Otherwise, you will be directed to use the Analysis Explorer to choose create or display.

WInSRFR Worlds

Event
Analysis
Physical Operations
Design Analysis

Press button to enter WinSEFR ¥ orld

1.4.2 WinSRFR World Tabs

TheWorld Tab isthe left-most tab for any World window (Event, Design, Operations, Simulation).
From thistab, the user can select the Irrigation system type (basin, border, or furrow) and the upstream
and downstream boundary conditions. Upstream boundary conditions (No Drainback/Drainback) can
only be specified for the Simulation World. For other Worlds, the analysis assumes No Drainback.
World tabs also provide accessto aWorld's upper level analytical options.

The lasttak
provides the
Fun results

The middle tabs
provide the
field parameters

The firsttab
provides the
Fun criteria

DesignTWarldl Systern Geometry | Soil / Crop F'rnpertiesl Influ'w Management | Data Summary Results I
BORDER Execution Complete . Frogrammer  ;

For example, for the Event AnalysisWorld, the Irrigation Event Analysis option buttons are used to
select the desired type of analysis (Probe Penetration, Merriam-Keller, or 2 Point Method Analysis).
The tabbed form provides abrief description for the available analytical options. Inthe Physical Design
World, selecting a Design Option provides feedback to the user relative to the type of analysis
performed, the inputsthat will be required, and the outputs that will be produced. Technical
descriptions of these optionsare provided in the Common Task section.
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1.4.2.1 Event Analysis World
The Event Analysis World helps analyze the performance of an irrigation using measurements taken
before, during and after theirrigation. It can also provide estimates of infiltration parameters such as
the Kostiakov k, a& b. Supported analysesinclude:
o Performanceanalysisfrom measured infiltration profile (probe penetration analysis).
¢ Performance analysisfrom measured advance & recession data(Merriam-Keller analysis).
o Performance analysisfrom two-point advance data (Elliot-Walker anaysis).
B WinSRFR - Furrow - Measured advance and recession data (Merriam-Keller) =18].%]
File Edit Wiew Evalustion Help
H&E o~ [% N (+)
Farm: Event Analysis Examples, Field: Tests
Folder: Irigafion Evaluations. Analysis: Merram-Keller Analysis
Welcome to WinSRFR's Event is World
This world evaluates the performance of irigation events from field measured data and estimates infilration parameters needecd
for evaluation and simulation. Start here then proceed down the tab pages found atthe bottom of this window.
—Cross Secti ~Upstream Condiion | Merriam-Keller Analysis
 Basin & Mo Drainback ¢ Drainback _ .
! Analysis uses advance, recession, inflow &
" Border ~ Downstream Condition runoff dat;ltt_: eslilmellte a field's infiltration
&R characteristics & infiltrated wvolume.
e * OpenEnd (" Blocked End
Yalues you will enter:
Irrigation Event Analysis System Geometry data
. Inflow - Tabulated or Standard Hydrograph
Ewent Iwanta Perfformance Analysie fom .. Runoff - Tabulated (Open End only)
Analyss : . . Adwvance Times - Tabulated
World £ mfﬁ;ﬁ:ﬁ'g‘gﬁ:ﬁﬁjﬂi?m Recession Times - Tabulated
Kostiakova b & c
¢ Measured advance and recession data Values WinSRFR will calculate:
(Memam-Keller) Kostiakow k
Summary of measured inflow & runoff
Two-point data Summary of measur;d adwvance & recession
. (Elliot\Walken) Performance Analysis
i_E_ugm \Warld | System Geomedry| Soil Crop Properties | Iriflow / Runoff | Advance / Recession | Exacuticm| Results |
|Ftasults are available: View using the Results tab |Usar Level: Standard s
PerformanceAnalysis
All event analyses provide aPerformance Analysis summarizing the efficiency & adequacy of the
irrigation.
Infiltration Parameter Estimation
Some event analyses estimate infiltration parameter based on the Modified K ostiakov Formula: Zn=
k*Tna+ b*Tn.
o Merriam-Keller estimates Kostiakov k using advance/ recession data and user estimates of
Kostiakov &, b, & c.
o Elliot-Walker estimates Kostiakov k, a& b using two-point advance data.
© 2006 ... USDA / ARS / Arid-Land Agricultural Research Center
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1.4.2.2 Physical Design World

The Physical Design World hel psoptimizethe physical layout of Basin and Border fields, specifically,
the Length and/or Width of afield iscalculated. Other irrigation parameters, such as Inflow Rate, may
also be calculated but the distinguishing characteristic of the Physical Design World isthe cal cul ation of
Length and/or Width.

M WinSRFR - Physical Design

File Edit ‘fiew Design Help
H& -~ % K| +
Farm: Brown Farm, Field: Cotton Field
Folder: Border Field, Analysis: Design #1

Welcome to WinSRFR's Physical Design Yorld

This world helps optimize the physical dimensions (length and/or width) of lewvel-basin and sloping-border irmgated fields.
Furrows are not supported at this time. Start here then proceed down the tab pages found atthe bottom of this window.

—Cross Section | ~Upstream Condiion Length vs. Width Tradeoffs
C Basin & No Drainback € Drainbac _ : ) . .
L This design option produces a series of design
& Border - Downstream Condition contours showing the tradeoffs between length
= B B and width for 2 border field.
e < OpenEnd ¢ BlochedEnd
) ‘Yalues you will enter:
Border Design Target Infiltration Depth, Zn
| want to ... Inflow Rata, O
Physical ! Ranges for Length & ‘Width
E‘);glr?; & Givenan Inflow Rate, find the tradeoffs between AT RN ek
Border Length and Width.

Walues WinSRFR will calculate:

~ Grvena Border Width, find the tradeoffs between Length ve. Width coutours

Border Length and Inflow Rate. T L

) Select & pointwithin the contours so & Water
Using ... Distribution Diagram and a set of Performance
Depth Criteria ||_CIW Ouarer EI Parameters can be added to the Results.

"Desicn World || System Geametry | Soil / Crap Properties | Inflow Management | Execution | Results |
|BORDER Execution Complete |User Level: Advanced

4

After the physical layout isdesigned, the oper ations of thefield'sirrigation is supported by the
Operations Analysis World. The design of furrowsis currently not supported; irrigation of furrows can
be smulated using the Simulation World.

Basin Field Design
Thedesign of level-basinsisbased on BASIN, aprogram previously developed by USWCL.

Seetheexample: Design aBasin Field

Border Field Design
The design of sloping-bordersisbased on BORDER, aprogram previously developed by USWCL.

Seetheexample: Design aBorder Field
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1.4.2.3 Operations Analysis World

The Operations Analysis World isused to optimize the irrigation oper ations for your Basin &
Border fields. Some of theirrigation parameters cal culated in thisworld are Inflow Rate, Cutoff

Time and Cutoff Location.

™ WinSRFR - Operations Analysis

File Edit View Operabons Help

HS - 3 K]

Farm: Erown Farm, Field: Cotton Field
Folder: Border Field, Analysis: Design #1

Welcome to WinSRFR's Operations Analysis YWorld

This world helps determine the best combination of inflow and cutoff criteria (time or distance) for level-basin and sloping-border
fields. Furmows are not supported atthis ime. Start here then roceed down the tab pages found at the bottom of this window.

—Cross Sech ~Upstream Condition Inflow Rate vs. Cutoff Tradeoffs
» i & Mo Drainback © Dranbact :
Basin | This option produces & series of contours
& Border - Downstream Condition showing the tradeoffs bletween inflow rate
= B B and cutoff for & border field.
ITTG 'y Open End ) Bleched End
Yalues you will enter:
Border Operations Length, L
I wantto .. Width, W
Operations * Ranges for Inflow Rate & Cutoff Time
r & Find the traceoffs between Inflow Rate & cutoff, and other parameters...
World

" Evaluate the operations of an imgation.

Walues WinSRFR will calculate:
Inflow Rate vs. Cutoff Time contours

Using ...
—Cutaff Criteria Then You Hi!L._ -
Select a pointwithin the contours so a \Water
& Cutofi Time " Cutoff Location Distribution Diagram and a set of Performance
Parameters can be added to the Results.
Depth Criteria |Luw Quarter j

[ Operations Warld || System Genmetry| Soil / Crop Propetties | Inflow Managemenﬂ Execution | Results |

|Results are not complete: Choose a solution point from the contours |User Level: Advanced 7

After the operations have been defined using thisworld, theirrigation can be simulated using the
Simulation World. The operations of furrowsis currently not supported; irrigation of furrows can be
simulated using the Simulation World.

Basin Field Operations
The operations of level-basinsisbased on BASIN, aprogram previously developed by the USWCL .

Seetheexample: Operate aBasin Irrigation

Border Field Operations

The operations of doping-bordersisbased on BORDER, aprogram previously developed by the
USWCL.

Seetheexample: Operate a Border Irrigation
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1.4.2.4 Simulation World

After afield's physical layout isdesigned using the Physical Design World and the oper ations
parameters are set using the Operations Analysis World, itsirrigation can be smulated using

WinSRFR's Simulation Word.

2 WinSRFR - Simulation M[=]E
Eile Edit View Simulstion Help

HE -~ 3 8| +

Farm: Brown Farm, Field: Cotton Field

Folder: Folder 1, Simulation: Infilrated Profile Yerfication

Welcome to WinSRFR's Simulation World

This world simulates design, operation, and management scenarios for individual basins, borders or furrows. Start here then
proceed down the tab pages found at the bottom of this window.

—Cross Section—— —Upstream Condiion
© Basin & Mo Drainback ¢ Drainback
© Border Downstream Condition
© Furrow @ OpenEnd  Blocked End

The Simulation World provides a one-dimensional mathematical model for simulating surface imgation—in =~ =
borders, basins. and furows. Itis assumed that all flow characteristics vary only with distance from the inlet
Simulati and time. Nowaristion transwverse to the main direction of flow is considered. Thus, any cross slope in
"\','\;:J:‘I';"" borders and basins is assumed negligible; alsa, the inflow therein is assumed distibuted uniformly across
the width, Only single furrows are considered: neighboring furows are assumed to have identical flows —any
variation in properies from furrow to furrow within a field must be modeled separately. On the other hand, field
properies like the infiltration characteristics and roughness, bottom slopes, and furrow cross sections for
example, can have a prescribed vanation with distance along the bed. and even with inundafion fime.

The results of a simulation, like those of an actual run in the field, depend on the hydraulic properies of the

soil and crop (if the wvegetation is immersed in the flow). the physical design of the system (length, slopes.

etc), and the imgation management flow rates, duration, etc., as well as the target depth of infiltration for the
imgation, Yhen all of these guantities are prescribed by the usar —through the interactive data-entry windows
—the simulation can be performed. The results —the advance and recession curves, the runoff. and the |

[ Simulation Waorld ; System Genmsﬂgl Soil / Crop Properties | Inflow Management | Data Summary | Exacution | Results |

|====> Proceed down these tabs verifying all data is correct for your field. ====> User Level: Advanced

The simulation of basins, borders and furrowsis based on SRFER, aprogram previously developed by
the USWCL.

Basinlrrigation Simulation

Seetheexample: Simulate a Basin Irrigation

Border Irrigation Simulation

Seetheexample: Simulate a Border Irrigation

Furrowlrrigation Simulation

Seetheexample: Simulate a Furrow Irrigation
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Water Flow Animation

During the Simulation of an Irrigation, WinSRFR produces an animation of the irrigation water flowing
over thefield and into the soil. The automatic use of thisanimation view can be enabled and disabled
using User Preferences. It isalwaysavailable under the Simulation Worlds' View menu.

Fil= Edit Cantral
®PPOO®
Cycle 1, Time Step 20, Time 1.91 hr
300 ' ' ' 1 300
m 1Top of furrow [ m
I o L T
& 2001 - 200 &
o ] [ o
= | =
3 100 £ 100 3
1Eottom of furrow
H—t L1
I:I_ A A A A : A A A A : A A A A : A A A r I:I
= ] [ =,
= 40T 140 =
=3 : : =
S &0y 160 S
3 and fan 3
E} BIII: : 80 E}
1004 _ + 100
{1Required infiltration -
120 P—pr—m————y 120
0 50 100 150
X (m)

The animation can be controlled much likeaVCR. Usethe Goto Start, Step Back, Play / Pause, Step
Forward and Goto End buttons and menu items to move through the animation frames. At any time, the
datain aframe can be copied to the clipboard as a bitmap for pasting into a Word document or astab
separated valuesfor pasting into Excel.
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1.4.3

1431

Data Entry Tabs

The World Data Windows provide the interface for editing input data associated with a particular
analysisand for viewing the corresponding results. All World Windows are organized similarly using
tab controls, with each tabbed page representing a category of input or output data. There are two rows
of tabsin aWorld Window, the lower one for inputs and the upper one for outputs. Thelast tab in the
lower row provides the mechanism for switching between input and output tabs. Input tabs consist of
thefollowing:

e World Run Criteria

e  System Geometry

e  Soil/Crop Properties
e |nflow Management
e (FunctionOptions)

e Execution Control

e Run Results

For aparticular tab, for example System Geometry, the available input optionswill differ depending on
the particular World. More details on these tabs are provided in the following. Output tabs vary
depending on the particular World the user isworking with, but consist of printable reports containing
tabular and/or graphical data. Some of these output forms are described under Common Tasks.

System Geometry

The System Geometry tab isused to definetheirrigation system's geometrical layout. Because different
typesof analysis (Event, Design, Operations, Simulation) require different sets of geometrical inputs,
the input controls displayed by the Geometry tab vary somewhat by World. In caseswhereavariableis
an output of the analysis (e.g. Length, when designing a system), the input box displayseither TBD (to
be determined), or the output of the analysis (oncethe analysisisrun). That valuethenisnot user-
editable.

NOTE: In this tab as well as in other tabs, the expected unit system for a variable is
displayed to the right of an input control. Default units are assigned to each variable
depending on the unit system selected under User Preferences. For a particular session,
you can modify the units of individual variables by right-clicking on the label and selecting
an alternative from the displayed unit label list

The System Geometry tab shows the physical layout of the basin, border or furrow being analyzed.
What physical layout features are avail able is dependent on the WinSRFR World and Field Type. The
Field Type, selected using the World Tab, consists of:

o CrossSection (Basin, Border, Furrow)
o Upstream Conditions (Drainback, No Drainback)
o Downstream Conditions (Open End, Closed End)
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=10| x|
File Edit ‘View Ewaluation Help
== = h? o

: Event Analy;is Examples, Cﬂs_e: Tests . _
The Field Type is idtalker (Two-Point) Anabysis - Trapezoid Fumow

System Geomet selif{tsrtlidu_?_igg the

Furrow. No Drainback. Open End Top View Furrow Spacing = 1.52 m

Folder: Irrigation Eva,

Eurrow Shape & Dimensions

Furrow Spacing |1 52 m

| . F Length = 625
Furrow Length 625 m urrow Leng m

Trapezoid j Side View Slope = 0.00439 rfm

Bottom Width ~ [200 mm 'IZ:> —Water Flow-> —=>
Side Slope |2 HM '

Meximum Depth - [300 il Trapezoid Cross Seclion Side Slope =2 HN

Bottom Description
Slope j

Slope, 8 [0.00433  mjm#

Inits can be changed
using right-click
context menus.

Depth = 300 mm Graphic can

be copiedto
the clipboard.

Bottom Width = 200 rmm

Event World | System Geometry | So0il Crop Properties | Inflow / Runoff | Two-Point Advance | Execution | Results |
====> Proceed down these tabs verifying all data is correct for your field. ====> User Level: Advanced

Possibleinputs provided by the System Geometry tab include:
e Length —length of the system a ong the direction of flow

e Width/Furrow Spacing - length of the system perpendicular to the direction of flow; width
appliesto basins and borders, furrow spacing to furrows. When dealing with furrows, the
furrow spacing isused to compute theinfiltrated depth (volume/length/width). Hence, when
modeling afurrow system where every-other-furrow isirrigated, twicethe nominal furrow
spacing needsto be entered to cal culate arepresentative average application depth.

e Maximum Depth — depth at which water will overflow. For bordersand basins, it isthe height
of the berms. For furrows, it isthe maximum depth used to compute the furrow's cross section.
If the computed water depth at any point exceeds this maximum depth, the SRFR simulation
enginewill issue an OVERFLOW warning (see the output Summary Tab). Inoverflowing
furrows, the assumption that neighboring furrows behaveidentically allowsthe simulationto
proceed with lateral furrow boundaries midway between the given and adjacent furrows. These
boundaries, while confining the furrow flow contribute nothing to surface roughnessor
infiltrations, as do the solid boundaries below. Infurrows, the simulation isasreaistic asthe
similarity between adjacent furrows. In borders or basins, the actual lateral loss of water to a
neighboring, dry border strip or basin is not model ed when the same assumption asfor furrows
isapplied. The user needsto reducethe inflow or the design (increase the berm height or
furrow depth) to prevent an overflow from actually occurring in thefield.
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Bottomdescription —WinSRFR providesfive optionsfor describing thefield bottom. These
are accessi ble using the Bottom Description drop-down list:

(0]

Slope—averagefield slope (Total vertical drop/ Field Length). Aninput box will be
displayedto enter the slopevalue. Thisistheonly option displayed whenworking in
the Physical Design or Operational Analysis Worlds, asthe built-in procedures assume
aconstant slope.

Slope Table—Table of longitudinal distancesvs. slope. Each entry inthetableisa
location where the average dope changes. Therefore, aslope value needsto be given at
distance zero; thelast entry is assumed to be the average slopein the last portion of the
field. The Edit Table button appears when this option is selected. Pressing the button
will launch the Slope Table dialog. Thisdialog box isdescribed in more detail further
below.

Elevation Table— Table of vertical field elevationsvs. distance. Each entry inthetable
represents asurveyed elevation-distance pair. Ataminimum, an elevation at the
upstream and downstream end of thefield needsto be entered and the downstream
location needsto match the defined field length. Asinthe Slope Table, elevation values
are edited using the Elevation Tabledialog.

Average From Slope Table— This option computes an average slope from tabul ated
slopevalues. Tabular data needsto be entered asin the Slope Table option. After
entering a Slope Table, the user can switch at any time between this option and the
Slope Table option.

Average From Elevation Table— This option computes an average slope from tabul ated
elevations. Tabular data needsto be entered asin the Elevation Table option. After
entering an Elevation Table, the user can switch at any time between this option and the
Elevation Table option.

Furrow Shapeand Dimensions -Thisoption isdisplayed only when the Furrow option is
selectedinaWorld Tab. Furrow cross-sectional areacan be described generally using either a
trapezoidal or parabolic section, hence optionsfor defining furrow cross section arethe
following:

(0]

Trapezoid —atrapezoidal section isdefined by two parameters, the Bottom Width and
the Side Slope (Horizontal/Vertical). Input boxesfor those two parameterswill be
displayed whenthe Trapezoid option is sel ected.

Power Law —a power law or parabolic section is defined by arelationship of the form
TW=C*Y" where TW isthe top width, Y isthe depth, and C and M are empirical
parameters. The units of C depend on the unitsof Y and TWwhile M isdimensionless.
When this option is selected, the user will need to enter m and the top width value at
100 mm (4in). These valueswill be used to compute C.

Trapezoid from Field Data— This option allows the user to enter field dataand to
calculate the corresponding trapezoidal section parameters. An Edit Data button will
appear when thisoptionisselected. Pressing this button will launch the Enter/Edit
Furrow Cross Section dial og, which isdescribed further below.

Power Law from Field Data— Thisoption is similar to the previous one, except that it
launches the Furrow Cross Section dial og with power |aw options selected.

© 2006 ... USDA / ARS / Arid-Land Agricultural Research Center



Welcome to WinSRFR 25

Slope/Elevation TableDialog

The Slope and Elevation Dialogs alow you to enter tabular data (distance vs. slope or distance vs.
vertical elevation). Therearethreewaysfor entering data.

e Manual Entry — To manually enter data, you will need to add as many rows as needed to the
default table (which will openwith two rows). Usethe Edit/Distances/Insert Rows Before
(After) command to add rows. Alternatively, you can right-click the mouse over the leftmost
part of the table (the grayed column at the left) to bring up a pop-up menu that will display the
insert (and delete) row commands. When entering data, distances must bein increasing order.

e Import/Export - Y ou can import values from atext file, using the Dialog's File/lmport from
Text Filecommand. The file must contain two tab-separated columns of data. Y ou can easily
exchange data between projects by using the File/Export to Text File command to export data
from an existing WinSRFR project to atext file and then importing those data into the new
project.

e Copy/Paste—Y ou can import spreadsheet data (Excel, Quattro Pro) using copy and paste.
When importing spreadsheet data, existing tabular valueswill bereplaced by the copy/paste
operation. Therefore, the spreadsheet data must include at a minimum values at the head and
end of thefield. Y ou can use copy/paste to transfer datafrom WinSRFR to a spreadsheet.
When importing data, the top row in the spreadsheet data columns can contain unit labels.

NOTE: The grid control used to enter tabular elevation and slope data requires at least two
values, at the upstream and downstream end of the field. Those locations cannot be
edited. To edit the field length, use the corresponding input box in the Field Geometry Tab.

NOTE: The grid control used to enter tabular data (elevation, furrow cross section,
tabulated hydrograph) does not respond to the Enter key when the cursor is at the last row
position. Pressing Enter under those conditions will not enter the data. Therefore, when
entering the last value (e.g. the last elevation), use the up arrow to move the cursor to the
previous row. This will enter the data.

Enter/Edit Furrow Cross Section Data Dialog

WIinSRFR defines the cross section of afurrow as either atrapezoid or apower law function. These two
methods are convenient for mathematical operations but may not be easy to define. The

Enter /Edit Furrow Cross Section Data dialog box enables entering furrow cross section data as
measured in the field. WinSRFR can 'best fit' these data to either atrapezoid or power law.

Three methods are avail ablefor defining furrow cross section data:

e Depth/ Top Width Table - aseries of furrow depth / top width pairs

o Profilometer Table - furrow depths as afunction of transverse distance, as measured using a
Profilometer.

e Flow Cross Section - aseries of furrow depth / top width pairs, with depths given at the bottom,
middle, and top of the furrow depth
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These methods are explained with the help of Figures 1.4.3.1a—1.4.3.1c, which depict typical furrow
cross-sectional data and the resulting WinSRFR dataentries. In Figure X1, thered horizontal lines
represent top width measurements taken at three arbitrary depths, 0.71, 2.36, and 3.15 in. In thefigure,
the labels above or next to the red lines are the corresponding top width value. The symbols represent
measurements of furrow depth (Y) vs. transverse distance (X) taken on aregular X-Y grid with a
profilometer. Inmany field situations, the evaluator will take afew top width measurements at
arbitrary depths. In such cases, the depth/top width option would be selected and the resulting table for
the data of Figurel1l.4.3.1awould beasgivenin Figure1.4.3.1b. If detailed profilometer dataare
availableinstead, then the Profilometer option should be selected and the resulting table would be as
givenin Figure1.4.3.1c. The Flow Cross Section option issimilar to the Depth/Top Width option
except that WinSRFR fixes the depths at the bottom, middle, and top of the furrow.

Aswith the tabular bottom elevation data, cross sectional tabular data can be entered manually, by
importing atext file, or by copying/pasting from a spreadsheet. Notice that for thisexample, from
Figure1.4.3.1a, the vertical origin of the profilometer measurementsis at the bottom of the furrow.
However, the Dialog box expects datawith the origin at the top of the furrow. |If dataiis copy/pasted
from a spreadsheet and those data have their origin at the bottom of the furrow, WinSRFR will make
the necessary calculations to set the origin at the furrow top. Import and copy/paste operationswill
replace any existing tabular data so export any datathat you need to save prior to making any changes.

Furrow Cross-Sectional Measurements
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Figurel.4.3.1a- Furrow Cross-Sectional Field M easur ements

The cross section data can befitted to either atrapezoid or power law function, as defined by the
Furrow Shape option. WinSRFR cal cul ated furrow geometry parameters are displayed in blue but can
bemodifiedif adifferent fit isdesired; modified values are displayed in green. Oncethe desired fit has
been achieved, pressthe " Transfer ..." button to transfer this data back to the WinSRFR Analysisor
Simulation. To exit the dialog box, press either the " Save Field Data& Close" button or the " Cancel”
button. If you have modified any cross section field data, you should choose the " Save Field Data &
Close" button. The " Cancel" button smply closesthe dialog box with no further action; any changed
valueswill belost.
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Figure1.4.3.1b - Cross-Sectional Data Entered asDepth / Width Pairs
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Figure1.4.3.1c- Cross-Sectional Data Enter ed asProfilometer Readings
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1.4.3.2 Soil / Crop Properties

The Soil / Crop Properties tab describesthefield'shydraulic roughnessand infiltration characteristics.
Inputs that need to be provided and choicesfor those inputs depend on the particular World.

M WinSRFR - Physical Design
File Edit ‘fiew Design Help
B&(»~ 2 K| o

Farm: Erown Farm, Field: Cotton Field
Folder: Border Field, Analysis: Design #1

—Infiltration

—Roughness
: 169 mm

7100 rm, 6.21 hr)

ydag uoyenyy;

P v

Infiltration Time 1243 hr

=] | infiltration Methad  [NRCS Intake Family =

Sewveral methods can describe
the infiltration of water into the soil

Kostimkow k = 25,528 mm/hr"a Kostiakow a = 0.748

Foughness describes
the resistance to water
flowing down the field.

¢ 0.04- Bare Soil =
"
€ 0.10- Smell Grain (drilled lengthwise) LTI Y oL i)
i~ 0.15- Alfalfa, Mint or Broadcast Small Grain 010 c03 €00 200
CO15 040 € 080

= 0.20-Alfalfa, dense oron long fields ~ 200
" 0.25-Dense crops or small grain drilled crosswise L0 Li0& £ i0.90

025 & 0.50 1.00 400
Desigh World | System Geometry | Soil / Crop Properties || Inflow Management | Execution | Results |

|BORDER Execution Complete |User Level: Advanced

HydraulicRoughness

Defining roughness characteristicsinvol ves sel ecting aroughness cal cul ation method and entering the
corresponding roughness parameters. The calculation method i s sel ected using the Roughness Method
drop-down list. Two roughness cal culation methods are availableto all Worlds.

1. User Entered Manning n
2. NRCSRecommended Manningn

Both methods employ the Manning formulato cal cul ate hydraulic resistance, but with thefirst option
the user hasto manually enter aManning n value and with the second option buttons are used to select
from apredefined list, consisting of the values recommended by the USDA-NRCS surfaceirrigation
design guides. If locally calibrated Manning ninformation is available, then option 1 should be used.
Selecting that option will produce an input box for Manning n. When using option 2, WinSRFR
providesimagesof field conditionsfor the recommended n values, asshown intheillustration.
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The Simulation World offerstwo additional hydraulic roughness computational procedures:

3. Manningn=Cn*Y”An
4. Sayre-AlbertsonChi

Both options allow the user to combinethe effect of soil hydraulic roughness with vegetation drag and
arerecommended for advanced usersonly. A technical description of these optionsisprovidedin
Appendix XX. Selecting 3 will display the input boxes for the parameters Cn and An while an input box
for Chi will appear when selecting option 4.

It should be noted that among the Event Analysis procedures, only the Two-Point Method usesthe
Manning ninitscalculations. The Merriakm-Keller approach does not require an n value, but the user
needsto provide such aninput in order to verify theresults viasimulation. The Probe Penetration
Analysisdoes not require Manning n either, and the method does not produceinfiltration parameters.
Still, the user may chose to enter an n value, especially if the underlying data are later copied into the
Simulation World for further analysis.

Infiltration Char acteristics

Infiltration properties are critical to surface irrigation system behavior and also the input that is most
difficult to definefor irrigation analysis. Anunderstanding of WinSRFR computational proceduresis
needed in order to usetheinfiltration options effectively. WinSRFR computesinfiltration using a
general expression of theform

Z = 7Ka,...ttx) * W

where upper case Z istheinfiltrated volume per unit length, lower case z hasdimensions
volume/length/width and isafunction of theempirical infiltration parametersk, a, etc., and Wisawidth
(Iength), of time t and the advancetimeto alocation x, t,. In the border and basin case, Wisthefield
width, whilefor furrows, Wisanominal wetted perimeter. Hence, when working with bordersand
basins, users need to select aninfiltration formula, i.e. the method for computing z, and then enter the
corresponding parameter values. When simulating furrow irrigation, users also need to be concerned
with defining an approach for cal culating W.

WInSRFR offerssix infiltration formulachoices. A selectionis made using the I nfiltration Formula
drop-down list. Choicesare:

Known Characteristic Infiltration Time
NRCS Infiltration Family

Time Rated Intake Family

Kostiakov Formula

Modified K ostiakov Formula

Branch Function

oakrwnpE

These functions are explained in Appendix XX —WinSRFR infiltration functions. Physical Design and
Operational Analysis procedureswere devel oped based on options 1-4 only. Therefore, thelast two
options are not displayed in those Worlds. All six options are available for ssimulation, however. Inany
World, the default infiltration formulaisthe NRCS Infiltration Family.
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After selecting aparticular option, WinSRFR will display input boxesfor the corresponding input
parameters except when the selection isthe NRCS Infiltration Family, case in which the program
displays option buttons for selecting aspecific NRCSfamily. Of critical importanceisthat infiltration
parameters haveto be dimensionally compatiblewith the cal culationsindicated in Eq.X X, independently
of the unit system selected. For example, if using the Kostiakov formula, WinSRFR expectsthe
parameter k to have dimensions of Length/Time® while the exponent aisdimensionless. Thistranslates
into units of, for example, mm/hr® if working in metric units, and in/hr® if working in English units,

A value of W needsto be calculated only for simulation purposes and only when working with furrows.
Such achoiceisnot required for Event Analysis, Design, and Operations. WinSRFR offersfive choices
for calculating thiseffect, namely:

Local Wetted Perimeter

Upstream Wetted Perimeter
Wetted Perimeter at Normal Depth
Furrow Spacing

NRCS Empirical Function

arwpdE

Again, the user isreferred to Appendix XX for technical details on these options. By default, the NRCS
Empirical Function is selected whenever the sel ected infiltration formulaisthe NRCS Infiltration
Family. For other infiltration formulas, WinSRFR defaults to the Furrow Spacing option. It isnot
recommended to use the NRCS empirical Function with any other function other than the NRCS
Infiltration Family. When using any other infiltration formula, users must ensure that the parameter
values provided werein effect cal culated with the sel ected Wetted Perimeter option. For example,
WIinSRFR's Event Analysis procedures calculate, first, infiltration parameters needed to compute Z
(volume/length, see Eq. X), and then use the furrow spacing to convert those parametersto their
equivalentsfor computing z (volume/length/width). 1f the WinSRFR estimated parametersare used in
simulation, the user should not arbitrarily change the Wetted Perimeter option to, say, Upstream Wetted
Perimeter, astheresulting W, whenmultiplied z, will not yield the correct value of Z.

The Simulation World offersstill another option for calculating infiltration. The Enable Limiting Depth
option isused in caseswhereinfiltration islimited by ahardpan soil layer. In such cases, cumulative
infiltration depth will not increase anywhere beyond the user specified value. Theinput box for the
limiting valuesis enabled whenever the Enable Limiting Depth box ischecked. Theassumptioninusing
this method isthat the user knowswhat depth of water can infiltrate before the wetting front reachesthe
hardpan; thisis not the depth of the hardpan.

Infiltration For mulaMatching

Infiltration formulamatching occurswhenever the user changestheinfiltration formulausing the
Infiltration Formuladrop-down list. The action that foll ows depends on the option selected under the
User Preferences/Dialogd Infiltration Formula. Thoseoptionsare:

1. NoMatching
2. AutomaticMatching
3. ConfirmedMatching

The No Matching option disablesthe Match Infiltration Formulamechanism. In thiscase, the new
infiltration formulaselection is adopted and the current infiltration parameter values are preserved as
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displayed in the Soil and Crop Properties Tab. This can cause large differencesin infiltration depth vs.
time. Further, if the origina infiltration formula has more parameters than the alternative equation, the
additional parametersareignored.

Both the Automatic and Confirmed Matching options enable WinSRFR'sinfiltration formulamatching
mechanism. Thismechanism maps an infiltration equation into an alternative equation (i.e., fitsa
known infiltration equation with aspecific set of parametersto an alternative equation with adifferent
set of parameters, with the alternative equation approximately matching the behavior of the original
equation). Such aconversionisnecessary under several different circumstances. For example, the
Physical Design and Operational AnalysisWorld procedureswere devel oped using the K ostiakov
formula. If theavailableinfiltration information isfor an alternative formulation (for example, based
on the Branch function), then the user needs to define a K ostiakov formulathat will approximate the
desired Branch function for at |east the time needed to apply thetarget irrigation depth. In other cases,
the user may recognize the uncertainty of the availableinfiltration information and may want to examine
the sensitivity of the analysisto an alternative infiltration formulathat predictsthe sameinfiltrated
depth for aknown opportunity time asthe original one, but with adifferent transient and/or steady-state
behavior.

When the Automatic Option isenabled, WinSRFR automatically matchesthe new infiltration formula
sel ection based on the original selection and parameter values. The user has no control over the output
and no means for comparing the shape of the original and fitted function. Enabling the Confirmed
Matching option causes WinSRFR to launch the Match I nfiltration Formula Dialog every timean
infiltration formulais chosen using the Infiltration Formuladrop-down list. From thisdial og box, the
user can edit the parameters of the aternative infiltration function until obtaining adesired fit to the
original function. At the sametimethat the Dialog is displayed, the Soil and Crop Properties presents
plotsof the original and alternative infiltration functions, allowing the user to view the effect of
parameter value changes. The matching mechanism is based on the concept of characteristictime, i.e.,
thetime needed to infiltrate adesired target depth z (see Equation xx). The Dialog sets z equal to the
desired average application depth D¢, but adifferent z can be specified, if so desired. Once adesired
fitisachieved, the user can pressthe OK button in the Infiltration Function Matching Dialog to transfer
the resulting parameters to the Soil and Crop Properties Tab and close the dialog box. Pressing Cancel
will abort the operation and restore the original infiltration function and its parameters.
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1.4.3.3

Inflow Management

The Inflow Management tab is used to enter datarelated to field inflows and outflows. Thetabis
named Inflow Management wheninthe Physical Design, Operations Analysis, and Simulation Worlds
and in those cases, the tab alowsthe user to enter only inflow information. Inthe

Event Analysis World, both inflows and outflows are inputs to the analysis and therefore thetab is
named Inflow / Runoff. The Simulation World offersvarious optionsfor specifying thefield inflow and
only subsets of those options are accommodated by other Worlds. Hence, thefollowing discussionis
largely based on the more detailed options availablein the Simulation World.

@ WinSAFR - Event Analysis [_[O]
File Edit View Ewent Help
B8 -~ 3 8 o
Farm: Brown Famm, Field: Cotton Field
Folder: Furrow Irrigation, Analysis: Infilrated Profile
Inflow ! Runoff per Furrow 2 lps Inflow: 0.032 ML Runoff; 0.002 ML
Unit \Water Cost 40.00 $/ML
Target Infiltration Depth, Zn |1l]3 mm
Inflow Rate. O |2 Ips m
3
Inflowy Method |Siandard Hydrograph j E
m
—Cutoff Options Time 7 hr
Method |'I'|me-Based Cutoff j Runoff Rate
Tirme Runaoff =
Cutoff Time. Tco IE hr (hr) ilps) Inflow-Runoff Mass Balance
b 55 ]
57 03 Yolume Applied: 0,032 ML
~Cutback Opfions 58 04 ~Runoff: 0.002 ML
59 06 = |nfiltrated: 0.031 ML
Methad I'I'lme-Based Cuthack j ' '
B 06 Average Infiltrated Depth:
Cutback Time |D 5 of Cutoff B.1 0E
Cutback Rate Ins aof Inflow Rate B.2 05 110 mm
F n4 =l
Event World | System Geometry | Inflow / Runoff i|Anulysis| Execution | Results |
|====> Proceed down these tabs verifying all data is correct for your field. ====> |User Level: Advanced

The Inflow Management Tab first providesinput boxesfor entering the Unit Water Cost (cost of water
per unit volume) and the Required Irrigation Depth, D, Both of these variables are used primarily for
post-irrigation performance assessment, but D, IS sometimes used to specify inflow options, aswill be
described further below.

There aretwo basi c approachesfor entering inflow information, selectable from the Inflow Method
drop-down list. The Tabulated Inflow option allowsthe user to enter atable of timevs. discharge
values. Such an approach should be used when the analysisis attempting to reproduce an observed
irrigation event based on ameasured, time-varying inflow hydrograph. Hence, thisoptionisavailable
inthe Event Analysis and Simulation Worlds, but not for Physical Design or Operational Analysis. As
with other tabular data, hydrographs can be entered manually, by importing atext file, or from a
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spreadsheet using copy/paste. Menus commands available for entering hydrograph data are also
similar to those available for other tabular inputs. The tab sheet generates aplot of the hydrograph, as
acheck on the input data.

NOTE: Because of array size limitations imposed in the original SRFR simulation engine,
the tabulated hydrograph is presently limited to 20 rows of data.

The Standard Hydrograph option allows the user to specify simpleinflow hydrographs, for example a
constant inflow rate with a prescribed cutoff time, but the selection al so enables somerelatively
advanced input options. Upon selecting Standard Hydrograph, WinSRFR displays an input box for the
Inflow Rate Q, and frame boxes that are used to specify cutoff and/or cutback options. Theinflow rate
isassumed constant, unless cutback options are specified. Available cutoff optionsarethefollowing:

1. Time-based cutoff — Cutoff occurs at the user-specified cutoff time Tco, the time elapsed since
the start of theirrigation. Thisisthe default selection when using a Standard Hydrograph.
Inflow rate may vary, however, depending on cutback options described further below.

2. Distance-based cutoff — Cutoff occurs at a prescribed Cutoff Location Xco, expressed as a
function of thefield length L (Xco=R* L). Thislocation isthe position of the advancing
stream front.

3. Distanceand Infiltration Depth — Cutoff occurswhen agiven infiltration depth z, expressed as a
fraction of Dreq (z = Rz * Dreq) has accumulated at a prescribed downstream Cutoff Location
(Xco=R* L). Notethat infiltration will ultimately exceed the given infiltration depth,
depending on thetime needed for water to recede at the prescribed location.

4. Distance and Opportunity Time- Cutoff occurswhen agiven infiltration Opportunity Time
(total elapsed time minusthe advance time) has been experienced at a given downstream Cutoff
Location (Xco=R* L).

5. Upstream Infiltrated Depth - 1n the case of furrows and basins, cutoff occurs when the
infiltrated depth at the head end of the field matchesthe prescribed infiltration depth, expressed
asafunction of Dreq (z=Rz* Dreq). Ultimate infiltration will exceed the prescribed depth,
depending on the lag time between cutoff and initial recession. Inthe case of graded border
strips, WinSRFR attempts to cal culate a cutoff time that will ultimately infiltrate the prescribed
depth at the head end of thefield. The algorithm relies on adimensionless database of
previously run simulationsto predict thelag time necessary to achievethisobjective.

Cutback options are asfollows:

1. NoCutback - Thisisthedefault selection for the Standard Hydrograph.

2. Time-Based Cutback — Inflow rate isreduced at the specified Cutback Time and to the Cutback
Rate Qcb, expressed as afunction of theinitia Q (Qch=RQ* Q)

3. Distance-Based Cutback - Inflow rate isreduced when the advancing stream reachesthe
specified Cutback Location to the specified Cutback Rate.

Note that the time-based cutback option depends on cutoff time and, therefore, isundefined when using
any distance-based cutoff. Also, many of the cutoff and cutback options described above are not
availablein either Event Analysis, Physical Design or Operational Analysis.

Ouitflow dataare arequired input in the Event Analysis World, but only for systems with an open-end
downstream boundary condition. Outflow can be specified only asatabulated hydrograph. Likethe
inflow data, dataentry is either manual, from atext file, or by using copy/paste.
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1.4.3.4 Data Summary

For the Simulation World, asummary of the datafrom the System Geometry, Soil / Crop Properties
and |nflow Management tabsis displayed in the Data Summary tab. Notice that there are no graphs
and only numeric data can be changed. Y ou must return to the original tabsto make selection changes.

I WinSRFR - Simulation

Farm, Field: Cotton Field
Folder: Folder1, S lation: Infiltrated Frofile Wernfication

Remember that What's This? help isavailablefor al the controls. Usethe Help/ What's This? menu
item or its associated toolbar button to access the What's This? help.
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1.4.3.5 Probe Measurements

35

When using the Infiltrated Profile Analysis in the Event Analysis World, the Probe Measurements tab
is used to enter pre and post irrigation data as shown below. You will enter data in some columns
while WinSRFR calculates the data in other columns:

Pre-Irrigation Soil Water Depletion Table

You Enter: Profile Depth, Texture, AWC & SWD

WInSRFR Calculates: Cumulative Depth, Profile SWD, Cumulative SWD

Post-Irrigation Infiltrated Depths Table

You Enter: Distance, Probe Depth
WInSRFR Calculates: Profile, Root Zone, & Useful Infiltrated Depths and Deep Percolation

B WinSRFR - Border - Measured infiltration profile data (probe penetration Gl'lﬂh'!l!) ‘Jnjzl
File Edit Yiew Evalustion Help
H& -~ 3N [+
Farm: Event Analysis Examples, Field: Tests
Folder: Imigation Evaluations, Analysis: Infiltrated Profile Analysis
Pre-Irrigation Soil Water Depletion - SWD
Frofile Depth  Cum. Depth Texture AWC SWD Profile S\WD Cum. SWD
(m) (m) _ | (mmjm) (%) (mm) | (mm)
LI 0z SiL 180 G0 22 22
0.4 06 SicL 170 50 34 5B
0.6 12 SiC 160 20 19 75
Foot Zone Depth |1.2 m aming - Leaching Reguirement Soil Moisture Deficit 75 mm
Leaching Fraction Ill] % Underestimation + Leaching Requirment 7 mm
Probe Length |1.4 m = Imgation Target Depth 82 mm
Post-Irrigation Infiltrated Depths - ID
Distance Frobe Depth Frofile ID Foot Zone ID Usetful IO Deep Perc. =
{m} (m) (mm) (mm) {mm) (mm)
L 14 75 75 75 MaM
|25 14 75 75 75 MNaM
50 1.35 75 75 75 Mah
75 135 75 75 75 ET
100 125 75 75 75 NaM
125 12 75 75 75 0
150 11% 71 79 71 n hd

Event World | System Geometry | Soil Crop Properties | Inflow / Runoff | Probe Measuremeants || Execution

Results |

|====> Proceed down these tabs verifying all data is comrect for your field, ====>

|User Level: Standard

4
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1.4.3.6 Advance/Recession

When using the Merriam-Keller analysis in the Event Analysis World, the Advance / Recession tab is
used to enter the irrigation's advance and recession Distances & Times.

WInSRFR calculates the Opportunity Times as the differences between the Recession and Advance

times.

B WinSRFR - Furrow - Measured advance and recession data (Merriam-Keller) o] x|

Eile Edt ¥iew Evalustion Help

W& o %N +)

Farm: Event Analysis Examples, Field: Tests
Folder: Irrigation Evaluations, Analysis: Memam-Keller Analysis
Advance Table Recession Table Opportunity Time Table
Distance | Time |2 Distance | Time |« Distance | Time =
(m) (min) (m) (min) (m) (min)
P D 0 L E13.5 » 0 6135
25 9 2b 624 25 615
50 175 50 629.5 50 612
75 29 75 6315 75 6025
100 39 100 633 100 594
125 505 125 k355 125 b
150 615 150 6365 150 575
175 73 - 175 637.5 || 175 5645 ||
200 g4 200 6405 200 556.5
22h 99 225 B42.5 225 5435
250 1175 2h0 644.5 2a0 527
275 135 275 646 275 511
300 159 300 647 300 488
325 1775 325 48 325 4705
350 1945 - 350 E49 =] 350 4545 -]
Average = 451.1 min
EventWorld | System Gsometryl Soil Crop Properties | Inflow { Funoff - Advanca / Recession IExal:utiun I Resultsl
|----) Proceed down these tabs verifying all data is correct for your field, ====> |User Level: Standard -
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1.4.3.7 Two-Point Data

When using the Elliot-Walker two-point analysis in the Event Analysis World, the Two-Point Advance
tab is used to end the Distances & Times for the two points.

B WinSAFR - Furmow - Two-point data [Elliot-W alker)

F_nnn EventAnulyms Examples. Fi Fald Tasts ;

Several parameters relating to these two points are calculated and displayed to aid in your analysis.
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1.4.4 Execution Control Tabs

Analyses and output reports are generated from the Execution Tab. Depending on the World, the tab
may display requestsfor additional inputs that need to be provided by the user (e.g., Event Analysis,
discussedunder Common Tasks) or program execution options that may or may not need to be modified
by the user (Physical Design, Operation Analysis, Simulation, discussed in the following paragraphs).
Torunan analysis, pressthe Run (Simulation, Design, Operations) or Summarize Analysis (Event
Analysis) button in the Run Control frame box. The Run Control box provides two visual aidsto
remind the user if results are already available: the Run button turns from green to yellow after running
the analysisfor thefirst time and atext message isdisplayed.

1.4.4.1 Merriam-Keller Infiltration Estimation

When performing aMerriam-Keller analysisin the Event AnalysisWorld, the Execution Tab allows
user to enter valuesfor Kostiakov a, b and c. WinSRFR then estimates Kostiakov k based on these
values plus previoudly input Inflow, Runoff, Advance and Recession data.

Pressing the Summarize and Verify Analysis button generates the analysis results that can be viewed

usingthe Results Tab.

B WinSRFR - Furtow - Measured advance and recession data (Memriam-Kelle ) [=[
File Edit ‘iew Ewalustion Help

H& - 3N o

Project: Event Analysis Examples, Case: Tests
Folder: Imigation Evaluations, Analysis: Mermam-Keller Analysis

Mermam-Keller Solution for Kostiakow k Run Control
a |I].318 |
Summarize and Yerify Analysis
b |1.43 mmjhr =
[4 |I] mm

k 16.095 mm/hr a — WARNING —

This analysis has already been run. If you

Memiam-Keller estimate Kostiakow K based on the run it again, you will lose the current results.

irrigation's Infiltrated Yolurme & Opportunity Times

and your estimates fora. b, & ¢, To save the current resulls. copy & paste
this analysis to a new one. then make your

‘When you change a. b or c. WinSRFR automaticalky changes in and run the new analysis.

re-calculates k.

Errors and Warnings

Event World | System Geometry | Soil Crop Properties | Inflow / Runoft | Advance / Recession | Execution | Results |

Results are available; View using the Results tab User Level: Advanced
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1.4.4.2 Elliot-Walker Infiltration Estimation

When performing aMerriam-Keller analysisIn the Event AnalysisWorld, the Execution Tab allows
users estimate K ostiakov infiltration parameters. Kostiakov b can be either manually entered or
estimated from previously estimated runoff data. WinSRFR then estimates Kostiakov a& k based on
these values plus previously input Inflow, Runoff, Advance and Recession data.

Pressing the Summarize and Verify Anaysisbutton generatesthe analysisresultsthat can beviewed

using the Results Tab.

=10/ ]
File Edit ‘iew Ewalustion Help

HE o~ 3N

Project: Event Analysis Examples, Case: Tests
Folder: |rrigation Evaluations, Analysis: Elliot-valker (Two-Poinf) Anahysis - Trapezoid Fumow

Elliot-Walker estimates for Kostakov b, a & k Run Control

" Manually enter b

&+ Calculate b from steady runoff data Summarize and Verity Analysis |

bis astimatad as: (Qavg-0ra) =05/ Area
CavgatTeo 1.12Ips
-0moatTeo 0351ps

=Qavg-Qro 076 Ips b 1.44-1 mm/hr This analysis has already been run. If you
run it again. you will lose the current results.

Besetbto Estimate | — WARNING —

& & & ara calculatad from & the Two-Point dale and e

Suriaca Shape Facor, To save the current results. copy & paste
this analysis to a new one. then make your
| ll.?lia: a 029 changes in and run the new analysis.
Surface Shape Factor k  16.91 mm/hr a

Errors and Warnings

====} Proceed down these tabs verifying all data is correct for your field, ====> |Usar Level. Advanced
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1.4.4.3 Basin Design

When designing alevel-basin using the Physical Design World, the Execution Tab presentsatable-like
form that can be used to modify key variableinputs and analytical options. I1n asense, thistab presents
aquick summary of the design options availablefor level basins, showing for each case which variables
need to be entered and which are program outputs. The user can select an alternative analysis with the
option buttons at the top of the table and then enter the needed variabl e inputs using the input boxes at
theright. Each column in the table represents a design option; these options are al so sel ectable using
theDesign World Tab. After selecting aoption, the columnis highlighted using white for valuesthe
user must enter and blue for values that WinSRFR will calculate. The current values are displayed to
theright of the table with default values displayed using the backgournd color; these values must be
verified to ensure they are correct for the design being run. User entered values have agreen
backgournd while cal cul ated values have ablue background. If valuesstill need to be calculated, they
will display as'TBD' (to be determined).

Pressing the Run button generates the design results that can be viewed using the Results Tab.

B WinSRFR - Basin Design - Find the masxi its for a field's dimension: ol %]
File Edit “iew Design Help
HS <~ 3 w2 o
Project: Basin Examples, Case: Basin Field
Folder: Example Basin Design, Analysis: Step 1: Upper limit for length
BASIN Design Run Control
AVAILABLE OPTIONS
Select One Bun
General|| Maximum Advance — WARNING —
Design Limit Distance
This analysis has already been
Co|c || colc | c run. If you run it again. you will
lose the current results.
Dreq Enter| Enter| | Enter | Enter| Enter | | Enter | Enter | Enter|  [100 m
— If you want to save the current
L Enter Enter Enter 2294 m results, use the Project
Management Window to copy &
w Enter Enter Enter| |52 68 m paste this analysis to a new
one, then make your changes
Q Enter | Enter | | Enter | Entes Enter | Entes 230 Ips in and run the newly created
analysis.
Dg Enter| Enter| | Enter Eniter| | Enter Enter| |08
Tco 130.3 min
R Enter|Enter| Enter] |0 842 of Length
Refer to the Design World tab for more information on the selected option.

Desigh World | System Geometry | Soil / Crop Properties | Inflow Management | Execution || Results |

====} Proceed down these tabs verifying all data is correct for your field, ====> User Level: Advanced
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1.4.4.4 Border Design

When designing asloping-border field using the Physical Design World, the Execution Tab displaysa
summary of key design inputs using editable input boxes (Design Parameters), and a so program
execution controls. These controls are Border Options, Contour Overlays and Contour Ranges. Border
Options control the density of the underlying grid of solutionsthat are used to generate the border design
contours, aswell asthe contour intervals. With Contour Overlays, the user can select two or more
contours to superimpose on output. Contour Ranges are used to control the range of values used to
generate the contours. Hence, to expand the range of, say lengths and widthsto includein the design
contours, enter the desired valuesin the appropriate input boxes.

The design options can a so be selected using the Design World Tab. Default values are displayed
using the backgournd color; these values must be verified to ensure they are correct for the design being
run. User entered values have a green backgournd while calculated values have a blue background. If
thevalues still need to be calculated, they will be displayed as"TBD' (to be determined).

Pressing the Run button generates the design results that can be viewed using the Results Tab.

=10| x|
File Edit “iew Design Help
HE - 3 N2 (+

Project: Border Examples, Case: Border Field
Folder: Example Border Design. Analysis: Step 1 - Find optimal length & wicith

BORDER Design Run Control
Design Parameters )
Border Options | Run
" Border Width, W |4EI m
& |nflow Rate, O 230 Ips Contour Overlay | — WARNING —
Required Depth, Dreq 100 mm This analysis I!ﬂs al_ready he_en
run. If you run it again. you will
lose the current results.
Depth Criteria. [Low Quarter 3
If you want to save the current
results, use the Project
Contour Ranges Management Window to copy &
paste this analysis to a new
Border Width Iw fa |3[]g m one. then make your changes
in and run the newly created
Border Length |50 to [600 m analysis.
This tab reflects the choices made on the Design World tab.

Desigh World | System Geometry | Soil / Crop Properties | Inflow Management | Execution || Results |

====} Proceed down these tabs verifying all data is correct for your field, ====> User Level: Advanced
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1.4.4.5 Basin Operations

When analyzing the operations of alevel-basin using the Operations Analysis World, the Execution Tab
presents atable-like form that can be used to modify key variable inputs and analytical options. Ina
sense, thistab presents aquick summary of the design options availablefor level basins, showing for
each case which variables need to be entered and which are program outputs. The user can select an
alternative analysis with the option buttons at the top of the table and then enter the needed variable
inputs using the input boxes at the right. Each column in the table represents adesign option; these
options are al so selectable using the Design World Tab. After selecting aoption, the columnis
highlighted using white for values the user must enter and blue for valuesthat WinSRFR will calcul ate.
The current values are displayed to the right of the table with default val ues displayed using the
backgournd color; these values must be verified to ensure they are correct for the design being run.

User entered val ues have agreen backgournd while calculated val ues have a blue background. If values
still need to be cal culated, they will display as ' TBD' (to be determined).

Pressing the Run button generates the analysis results that can be viewed using the Results Tab.

I~ WinSRFR - Basin Dperations - Optimize operations for a given Inflow Rate or DU, = 10| x|
File Edit “iew DOperations Help
HE - 2 K2 o

Project: Basin Examples, Case: Basin Field
Folder: Example Basin Operafions. Analysis: Step 3: DU and imgation guidelines for alfalfa

BASIN Operations Run Control
AVAILABLE OPTIONS
Select One Run
General IMax Adv Operation — WARNING —
Operation | | Lim | | Dist Eval
This analysis has already been
| C C C | C run. If you run it again, you will
lose the current results.
greq Eriter | Erter | | Enter | | Enter 100 mm
If you want to save the current
L Eriter | Enter | | Erter | | Enter Entes| Enter| 1200 m results, use the Project
Management Window to copy &
W Enter| Erder| | Enter] | Enter Enter | Erter] |75 m paste this analysis to a new
one, then make your changes
Q E rites Erter| Erter| |230 Ips in and run the newly created
- analysis.
DU Ener 0.811
Tco Enter] [134 min
R Enter Enter 0.681 of Length

Reterto the Operations World tab for more information on the selected option.

Operations World | System Geometry | Soil / Crop Properties | Inflow Management | Execution || Results |

====) Proceed down these tabs verifying all data is correct for your field. ====> User Level: Advanced
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1.4.4.6 Border Operations

When analyzing the operations asloping-border field using the Operations Analysis World, the
Execution Tab displaysasummary of key design inputs using editableinput boxes (M anagement
Parameters), and a so program execution controls. These controls are Design Options and Contour
Ranges. Contour Ranges are used to control the range of val ues used to generate the contours.

The options can al so be selected using the Operations World Tab. Default values are displayed using
the backgournd color; these values must be verified to ensure they are correct for the analysis being run.
User entered values have agreen backgournd while cal culated values have a blue background. If the
values still need to be calculated, they will be displayed as ' TBD' (to be determined).

Pressing the Run button generates the analysis results that can be viewed using the Results Tab.

™ WinSRFR - Operations Analysis H=1E
File Edit View Operabons Help
FEIGRE A !

Farm: Erown Farm, Field: Cotton Field
Folder: Border Field, Analysis: Design #1

BORDER Operations Run Control
Management Parameters
y _ Design Opfions Bun
Cutoff Criteria
& Cutoff Time, Tco — WARNING —

¢ Cutoff Location. B This analysis has already been

run. If you run it again, you will

Length. L |1[Il] m lose the current results.
A |5[| m If you want to save the current

results, use the Project
Management Window to copy &
paste this analysis to a new

_ one, then make your changes
Depth Critens, |LUW Quarter :I in and run the newly created
analysis.
Contour Ranges
InflowRate |0 to [200 Ips
Cutoff Time |0 to {1667  hr

This tab reflecis the choices made on the Operafions World tab.

Operations World | System Geometry | Sail / Crop Propetties | Inflow Management [ Execution | Results |

|Results are not complete: Choose a solution point from the contours |User Level: Advanced

1.4.4.7 Irrigation Simulation

For the Simulation World, the Execution Tab presents three groups of program execution options. The
firstisthe simulation method: zero-inertiaor kinematic wave. Thisoption can be modified when the
Advanced or Programmer User Level options are selected, but not with the Standard User Level. In that
case, the simulation engine will automatically select asimulation approach appropriate to the given
hydraulic conditions, asdescribed in section XX.
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The second group of optionsisused to determinethe longitudinal field locations at which WinSRFR
will plot output hydrographs (water depth and discharge) and al so the simulation times at which the
program will plot water surface profiles. They are modified by pressing the Graphics button, in
Standard Criteria. Theresulting Dialog box, Simulation Graphics, displaystwo grid controlsfor
entering tabular data. The Profile Time Tableisfor used for entering times at which profileswill be
plotted. The user can select to plot these data as depths or water surface elevations. With the
Hydrograph L ocation Table, the user indicatesthe longitudinal field distances at which hydrograph
plotsaredesired. Similar to other tabular data, these tables can be edited manually, text files can be
imported, or spreadsheet data can be transferred using copy/paste. These graphical options are available
for all User Levels.

Thethird group of options, available to Advanced and Programmer Users, consist of additional
graphical controls (Graphics), computational solution parameters (Controls), computational grid
controls (Cell Density), and Diagnostic controls (Diagnostics). Options under Graphics affect the
scaling of the Animation Window, i.e., thewindow that illustrates the surface and subsurface flow of
water asafunction of time and distance. These controls alow zooming in on some portion of the
simulated stream. Computational controlsunder the Controls button rarely need to be modified. They
aredescribed in appendix XX. Although WinSRFR automatically cal culates and adjusts the solution
grid for each particular situation, there are cases where the user may need to make manual adjustments
using the Cell Density controlsto avoid anomal ous behavior of the ssimulation, for examplewhen the
analysisisbased on variablefield properties (variablefield elevations, cross section, etc.) and inflow.
Cell Density isused to modify the number of spatial increments used in the numerical solution.

7 WIinSRFR - Furrow Simulation _I- _ID 5'
File Edit View Simulation Help
H & %[k [+
Farm: Ev *a
Folder: [rrigation Sirmul 1 ion: kderriam ler Analysis
—SRFR Simulation —Run Control
Solution Maodel INDrmaI-Depth Kinematic'awve hModel j Run Simulation

—Advanced Crtena—— i
Errors and Warnings

%I M Warning - Analysis has already
__ Contol. | pesn T
G ey | This anal_ysm h_as alrea_dy been run.
= Ifyou run it again, you will lose the
. . current results. To sawe the current
Diagnostics ... | . -
results, copy & paste this analysis to
a new one, then make wour changes
in and run the new analysis.

|'§tﬁndard Criteria

_____ Results

|Resu|ts are available: VYiew using the Results tab User Level: Advanced v

Simulation Waorld | Systerm Geometry | Sail Crop Properties | Inflaw Management | Data Summary | E
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145

Run Results Tabs

After successfully completing an analysis, WinSRFR will display the corresponding results in a series
of tabs|ocated at the top of the window. These tabs are only visible after the Results Tab at the bottom
of thewindow is selected. Each resultstab contains datathat will print on a separate page.

The tabs are accessible from its World Window, and are located at the top of the form. Results tabs
display either text alone or acombination of text and graphs, with each tab representing a separate print
page. Usethe View menu to select the format for viewing & printing theresults. Resultswill be
displayed in the Results Tabs as long as the associated inputs do not change. If the, theresultswill be
incompatible with the current input values and WinSRFR will alert the user with amessagein the
Results Tab. If accidental changes are made to theinputs, or if changes are made but then you decide
to keep the original inputs and results, you can undo the input changes using the Edit/Undo commands.
The output Result Tabswill display again when all original inputs are restored using the Undo
commands.

M WinSRFR - Physical Design

File Edit View [Design Help
HS (-~ % K +

Farm: Erown Farm, Field: Cotton Field
Folder: Border Field, Analysis: Design #1

Fesults are displayed
intabs. Eachtab prints
on a separate page.

PAEIg| DUIG | RO% | DPIg | Dapp | Cost | Teo | XAcoiL | Solution

DISTRIBUTION OF INFILTRATED DEFTHS
PHYSICAL DESIGN: CUTOFF SUCH THAT Dig=Dreq
ke 255 mm/hi"a a=0748 n=0200 S0=0000500 Dreqe100.0 mm

0 20 40 60 a0 100 120
L t t t i i t 0
BORDER
END

S04 RUMNDFF

WWp NOILYHLTIEME 40 H1d3a

INFILTRATION
1004 D req bl
150
y + } + }
0 20 40 [=01] a0 1an
DISTANCE ALONG BORDER m
L = 100.0 m AE = E9.6 & PO & = 13.7 % L* =
W = ED.0m PAELlg= &9.6 % B0 d = 1%.5 mm too® =
Q = 2E.0 lps LUlg = 0.811 DF & = 16.8 % K= =
Tmax = 0,01 mps AD legg= 1.000 LFP = E3.9 mm
Toco = 7.593 hr D avy= 122.3 um Dapp = 142 .8 wm
Fhco/L= 1.Z58 d lg = 100.0 mm $/ha = 14.28 US$ Selectthe

d min= 85.6 mm

Results tab first.

Design Wnﬂd| System Genmetry| Soil / Crop Properties | Inflow Manngemenﬂ Execution Results |
|BORDER Execution Complete |User Level: Advanced

All graphsin the results tab can be copied to the clipboard as either abitmap or data for pasting into
application such as Excel or Word. Use either theright-click context menu or the Edit menu to access
the Copy functions.
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1.4.6

146.1

Tools

Additional Tools provided by WinSRFR can be found under the Tools menu on the
Project Management Window.:

e Data Comparison Tool
e Conversion Chart Tool

Data Comparison Tool

The Data Comparison Tool isused to combine and compare graphical resultsfrom the Event Analysis
and Simulation Worlds. To activate the tool, from the Project Management Window click on the Tools/
Data Comparison command. Use the check boxesin the Data Explorer tool to select the analyses that
you want to include in the combined chart then press option buttonsin the Type of Datato Compare
box to select the type of graphical outputs that you want to generate (e.g., advance/recession). Last, use
the tabs at the top of the chart window to select the particular chart that you want to view. 1f you need
to change the sequence of colors used to display the different series, use the User Preferences/ Color
command (you will need to exit the Data Comparison Tool and return to the Project Management
Window). Y ou can send the output to a color printer and copy and paste the displayed information to
other Windows applications, either as bitmaps or as tabular data.

To clear selections, uncheck the corresponding boxesin the Data Explorer tool. Y ou can aso click on
the Data Comparison menu command Edit/Clear all Selectionsto simultaneously unselect all analyses.

EWinSHFn Data Comparer M=l E3
File Edit iew Help

Select Type of Data to Compare IU@WERU ﬁl.“«dvunca & Recession ] Infiliration | Infiltration Function |

+ X-¥ Graphs C Earameter Selectthe Inflow & Runoff
type of data.
¥ Inflow ¥ Infiltration io compare /0 .2 il .5 ?
W & Runoff W Infiltrafion Functian 1 +2
[v Adwance

¥ & Recession

Data Explorer - Select One or More 15¢ +15
= @il Farm: Brown Farm
=W Field: Cotton Field
=11 Event Furrow Irrigation
' Infiltrated Profile
= Design: Border Field
-0 Design#1
= = Operations: Border Field
-1 Design#
=& Simulation: Folder 1 05t | L 05
) Infiltrated Profile \erification

Selectthe Analyses &
Simulation to compare
(L t t

Time (hi)

(sd]) mopu)

(=]

— Cofton Field - Event:Furrow Irrigation - Infiltrated Profile
= ofton Field - Simulation:Folder 1 - Infiltrated Profile Verification

© 2006 ... USDA / ARS / Arid-Land Agricultural Research Center



Welcome to WinSRFR 47

1.4.6.2 Conversion Chart Tool

From the Project Management Window, click on the Tools/ Conversion Chart command to access
WinSRFR's Unit Conversion tool. Y ou can usethetool for converting lengths, areas, volumes, and
dischargesfrom one unit system to another. Each tabbed form displaysavariablein five common unit
systems. Enter the known value in the corresponding box and then press Enter.

The Conversion Chart Tool letsyou convert English valuesto Metric and vice versa. It also providesa
conversion chart for datatypes commonly used in WinSRFR:

e Length
Area
Depth
Volume
Flow Rate

WinSAFR Conversion Chart EE

FLOW RATE
English Metric
Corversion
1 gpm = 1cts = chart for basic 1 lpm = 1lps = 1 cms =
3.79 Ipm 1699.0 Ipm data types 0.26 gpm 15.85 gpm 15850 gpm
0.05 lps 28.32 lps 0.00 cfg 0.04 cfs 35.31 cfs
0.000 crs 0.028 cms Corwersion calculatar
for specific values
Gal f kin Cu. Ft} Sec Liter / Min Liter} Sec Cu. b} Sec
=N = [easn = feiz = oz =
Lengthl Ared | Depth | Yolume  Flow Rate |
ok | Heip |

To convert avalue from English to Metric, select the appropriate tab then enter the value and press
Enter. Theequivaent valuewill be displayed in the other fields on that tab. Do the samefor Metric to
English.
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1.5 Data Organization and File Management

WinSRFR datais organized in memory and in afile using a hierarchical structure similar to your PC's
filesystem. Thetop level of thishierarchy isaFarm (Project). ThisFarmissimilar to afolder in that
it holds one or more Fields. Fields, inturn, hold one or more World Folders. A WinSRFR file
(filename.srfr) contains the complete set of datafor one and only one Farm. The nomenclature Farm/
field or Project / Caseis user selectable in the User Preferences dial og box.

Only one Farm

Farm perfile

| Contains one or
tnore Fields

-

¥
Feld

Contains one or
more World Folders

.
World Folder

Containg one o
more Analyses or
=il ati ons

Each Analysis
or Simulation
contains data

[ ¥ for one Basin,
[ ¥ Border ar
. Furrone
Analysis
or
Sitmulation
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World Folders store the Analyses and Simulations which contain the actual datathat WinSRFR
operateson. World Folderslimit the type of datathey store to one WinSRFR World. For example, an
Event Folder holds one or more Event Analyses. It cannot hold Design Analyses, Operations Analyses
or Simulations. The sameistruefor al four World Folder types:

World Folder type Holds

Event Folder Event Analyses
DesignFolder DesignAnalyses
OperationsFolder OperationsAnalyses
Simulation Folder Simulations

Seethe Project Management Window and the Analysis Explorer for User Interfaceinformation rel ated
to creating and using these data el ements.

1.5.1 Farm, Field & World Folders

WIinSRFR uses a hierarchical storage mechanism to manage its datain memory and also to store the
datain afile.

WinSRFRFile(filename.srfr)

A file contains one Farm (Project). If you are working with more than one farm, each farm's data needs
to be stored initsownfile.

Farm (Project)

A Farm contains one or more Fields enabling you to group your data by field since each field may have
adifferent geometry, infiltration characteristics, roughness, etc.

Field (Case)

A Field contains one or more World Folders. Asthe nameimplies, aField enablesyou to group your
databy field (or group fieldswith similar geometrical, infiltration, and roughness properties). A Fieldis
acollection of World Folders, representing the different types of WinSRFR analyses applied to that
field. For example, you may have one Event Folder named " 1st Irrigation” and a second Event Folder
for the sasme Field named "2nd Irrigation”. The same Field can contain aDesign Folder named "Basin
Designs' and another for "Border Designs'. Any type of analysis can be applied to aField and any field
folder can have asmany World Folders as needed, limited only by computer memory.

World Folder

A World Folder isacollection of related Analyses or Simulations that contain the actual data that
WInSRFR operateson. World Folders limit the type of datathey storeto their specific world type..
For example, an Event Folder holds one or more Event Analyses, but it cannot hold Physical Design,
Operations Analyses, or Simulations, even though the basic dataare alike.

Y ou may want to run several analyses on a data set varying only one or afew parameters. If you want
to save the results of each run, you should create anew Analysis or Simulation for each run. Analyses
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and Simulations can be duplicated using Copy & Paste. Usingthe Analysis Explorer, smply right-click
on the Analysis or Simulation and select Cut or Copy to send it to the clipboard. Then right-click on the
World Folder you want to Pasteit into.

1.5.2 Analyses & Simulations

Analysisand Simulations are the fundamental data objects that WinSRFR workswith. They contain:
Field Data

Thefield'sphysical characteristics such as geometry, infiltration and roughness and a description of
how theirrigation water isapplied to thefield. Thisincludes:

System Geometry data - the physical description of thefield'slayout
Soil / Crop Properties data- thefield'sinfiltration and surface roughness characteristics
Inflow Management data - the description of the flow of irrigation water onto and out of thefield

RunCriteria
The Run Criteria, functions and options used to run the Analysis or Simulation
RunResults

Run Results data - the results produced by running the Analysisor Simulation

Because input data are defined at the level of Analysesand Simulations, each of these objects contains
itsown set of inputs, even though all analyseswithin aWorld Folder apply, in principle, to the same
field. Changing an input to an Analysis/Simulation within aWorld Folder (for example, length) does
not automatically change the value for that input for other Analyses/Simulationsin that World Folder.
Analyses/Simulationswithin aWorld Folder typically represent analytical scenariosfor thegivenfield.
For example, asensitivity analysisfor infiltration can be devel oped within a Simulation World Folder
by defining several scenarios, all with the sameinputs except theinfiltration properties. Copies of the
original Analyses/Simulations Object can be created using Copy & Paste, as explained later.

Double-clickingan Analysisor Simulationinthe Analysis Explorer will display itsdatain the
appropriate WinSRFR World. Thefield dataand run criteriaare always available for viewing. Run
results, however, are only available after you execute a Run.

Results are always available for viewing unless changes are made to the field data or run options. Such
changes make the output datainconsistent with the inputs. To view the new results, the simulation must
berun again. If both the new and old results need to be saved, then the new scenario needsto be run
from acopy of the old scenario. Changesto the input data can be undone by using the Edit/Undo
XXXX command, where XX XX represents the input that can be undone. Thiswill restore the original
inputs and results.
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1.5.3 File Management and Management of file Size

WinSRFR uses conventional file management commandsto interact with files (New, Open, Close,
Save, Save As). Upon opening, the program displaysalist or recently opened files, enabling the user to
quickly retrieve arecent project. When using the Open command, WinSRFR automatically resetsthe
default directory datafile path to the location of the mostly recently opened file (this does not happen if
opening afilefrom the Recent Projects Filelist). While operating on afile, WinSRFR generatesa
diagnosticfile. By default, theinstallation program locatesthisfilein asubdirectory of theinstallation
folder. Theuser can use the User Optionsto change the location of this diagnosticfile.

NOTE: Because WIinSRFR files store all pertinent input data and extensive tables of
results, those files can grow to several megabytes in size. The user can choose to save
only the inputs, and rerun the analysis only when needed to review the output data. Use
the File/Clear All Results command to delete all results data.
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1.6

16.1

1.6.2

User Interface

WinSRFR usesvisua e ements and Windows servicesto assist the user in his/her interaction with the
program and the data:

Formsand Dialog Boxes help the user navigate through the program's main analytical functionsand to
function-specificoptions

Color isused to distinguish the different worlds and to provide data status.

Context Menus provide alternate accessto functionsfor selected items.

Cut, Copy & Paste are used to create new Analyses & Simulationsfrom existing ones.

Help isavailable online and in PDF form. Both formats present the same content.

WinSRFR uses two main forms, the Project Management Window and World Windows. The Project
Management Window provides accessto aproject'sfolders/objects. A World Window provides access
to aparticular Analysis/Simulation Object and itsdata. Currently, WinSRFR allows asingle World
Window to open for each World. Diaog Boxes are called by either the Project Management or aWorld
Window, and allow the user to specify user interface and analytical options.

User Level

TheUser Level preference determineswhether users can make changesto advanced program execution
options offered by the SRFR engine. For most analyses, users do not need to change these execution
optionsfrom their default values and, furthermore, changes should only be made by users

knowledgeabl e of the program’'s computational procedures. This choice does not affect program options
availableinthe Physical Design, Operational Analysis, and Event AnalysisWorlds.

Three User Levelsare provided by WinSRFR:
Standard

The Standard User Level provides functionality that should be sufficient to most WinSRFR users. This
option disablesthe accessto the advanced program execution options.

Advanced
TheAdvanced User Level enables accessto the advanced program execution options.
Programmer

The Programmer User Level isreserved for ALARC personnel to aid in testing and debugging
WIinSRFR. It allows accessto options that can disable asimulation in ways difficult to debug

User Preferences

User Preferences all ow user-customized aspects and defaultsfor WinSRFR's User Interface and
function execution. These preferences vary from user to user on the same PC asthey are stored in the
Current User section of the Window's Registry.
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User Preferences are grouped depending on their use and application:

Startup - Default valuesfor application-wide data

Files - Pathsto commonly used files/folders

Views - Optionsfor enabling / disabling and controlling WinSRFR views
Dialogs - Options controlling whether or not certain dial og boxes are displayed
Units - Unitssystem and default units selection

Colors - Colorsto usefor graphs

See User Preferences Dialog Box for more details.

Startup

The Edit/User Preferences/Startup command sets default valuesin new projects. Theseincludethe
nomenclature used (Project/Case or Farm/Field), Farm Name, Owner, and Default Evaluator. Thelast
threefields can be | eft blank.

Files

The Edit/User Preferences/Startup command sets the path and filename for the WinSRFR diagnostic
files. By default, the pathnameis set to the folder provided by Windows for application data:

C:\Documentsand Settings\jschlegel ALARC\Application Data\USDA\WinSRFR\1.0
The user can change thisfield to any path that can be more easily accessed than the default value.
Views

TheEdit/User Preferences/Views command determineswhether graphical outputswill be displayed on
screen as chartsonly or in print preview mode, with additional text included. It isalso used to control
the display of the simulation animation window.

Dialogs

The Edit/User Preferences/Views command controlsthe display of two dialogs. If the Suggested
Default Vaues/Unconditionally Accept optionisenabled, then WinSRFR will accept recommended
SRFR Simulation control changeswithout prompting the user. If Suggested Default Vaues/Require
Confirmationisenabled instead, then the user will haveto verify therecommended changesbefore they
aremade. Thesediaogsinform the user of automated changesin the computational approach.

Thelnfiltration Formulaoptions control how infiltration parameterswill be processed when changing
theinfiltration formulain the World Window/Soil and Crops Propertiestab. The assumptionisthat in
some cases the user will want to keep the existing values but in others will want to keep the shape of the
function, independent of the parameter values. The No Matching option simply keepsthe existing
parameter values. Both the Auto Matching and Confirmed Matching fit the parameters to match the
shape of the previously defined infiltration function. Auto Matching doesthisautomatically, while
Confirmed Matching displays adialog box with achart of the currently defined function and the
alternative function, and control s that can be used to manipul ate the shape of the alternative function.
See Section 4.2.3.4 for more details.
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1.6.3

1.6.4

Units

The Edit/User Preferences/Units command determineswhether English or metric unitsare used by
default in both input and output forms. The specific default units for agiven variable have been
selected based on unitstypically used in practice. For example, if working in English units, field lengths
aretypically measured in ft and depths are measured in inches.

NOTE : For a session, the user can choose the units of individual input boxes (for example,
change from gpm to Ips). Unit labels appear to the right of variable input boxes. Units are
changed by right-clicking on the label and selecting an alternative unit measure from the
resulting drop-down list.

Colors

The Edit/User Preferences/Units command control s the sequence of colorsused to plot multipletime
seriesin the Data Comparison Dialog.

Data Exchange with other WinSRFR Projects

To exchange data between WinSRFR datafiles, run two instances of the WinSRFR program and open
thetwo filesof interest. Usethe cut/copy/paste commandsto copy and paste entire Field or World
Foldersor individual Analysis/'Simulation Objects.

Data Exchange with Windows Applications

Copy/paste commands can be used to copy tabular data from a spreadsheet to WinSRFR, or from
WIinSRFR to spreadsheets/word processing software. 'Y ou can also copy WinSRFR graphical outputs
to Windows applications that accept bitmaps. When copying tabular datato WinSRFR, the number of
columnsin the source data needs to match the number of columnsin thereceiver form (for example, if
copying field elevation data, the receiver form expectstwo columns of data, consisting of longitudinal
distance and vertical elevation pairs). When copying spreadsheet datato WinSRFR, you can |abel the
first row in the datawith unit labels. If WinSRFR recognizes the unit labels, it will make the necessary
unit conversions. WinSRFR recognizesthefollowing unit |abels:

Variable Unit L abels

Length "m","ft"

Depth "mm","cm","in"

SideSlope "HV"

Slope "m/m", "m/100m", "ft/ft", "ft/100ft"
Time "sec","min", "hr", _

Flow Rate "cms', "lps’, "lpm", "cfs’, "gpm"
Percentage "0%"

Soil Water Holding Capacity ~ "mm/m", "in/ft"
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1.6.5 Visual Elements

Beyond the usual Windows elements, WinSRFR provides an overall look and feel to its User
Interface to help you understand the current state of your Analysis or Simulation.

Color is used to distinguish the different worlds and to provide data status.
Context Menus provide alternate access to functions for selected items.
Help is available online and in PDF form. Both formats present the same content.

Data Table Entry describes how to manually enter or paste data into data tables.

Cut / Copy / Paste describes how to create new Analyses or Simulates from current ones.

1.6.5.1 Color

Color isused by WinSRFR to provide both context and meaning to the data being displayed. Color
provides context by distinguishing which World you are working in and gives additional meaningto
dataindicating its source or state.

Color of WinSRFR'sWorlds

The Worlds supported by WinSRFR are distinguished by each having itsown color.

Event AnalysisWorld: Blue
Physical Design World: Ydlow
OperationsAnalysisWorld: Red
Simulationworld: Gray

WinSRFR Waorlds

Ewvent Sirmulation

Each World
has its own
color

Design
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Color of Data
WinSRFR data can be:

Defaulted

User Entered
WinSRFR Calculated
In Error

Datafields are highlighted with different colors depending on the source or state of the datavalue.

Inflow Management

Lnit vWatar Cost

Irflenes Fiate, 0

Llzer Entered
data is Green
RS

Target Infiliration Depth, 20 |4.IJ i
|4.|] i

Inflow Method  |Standard Hydrograph

YWinSRFR Calculated

— Cutoff Dptions

tdethod |Distance-Based Cutoif

\\ Window color

Eased On |D|:|wn slrearm Infiliration Dapth

Advance at Tco, B

of Langth

— Cutback Opfions

data is Blue

Defaulted data
uses the standard

Diata in Errar
is Red

Method |T|me-ﬂused Cutack

|CI.'5I] af Syl
|I:I.5IZI of Inflows Rate

Cutback Time
Cutback Rate

User Entered Data, whether selection or numeric, isdisplayed in green.

WinSRFR Calculated or Limited Dataisdisplayedin blue. Thisincludesnumeric valuesthat have
been calculated or are to be cal culated by WinSRFR and selection fields that WinSRFR has limited to

only onechoice.

All datawithin WinSRFR beginswith Default Data values that are displayed using the standard
Window color. Y ou should aways verify that the default data values are correct for your work.

Selectionsor DataValuesin Error aredisplayed in red with an adjacent red icon. Hover the mouse

over theicon to display atooltip describing the error.
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1.6.5.2 Context Menus

Context menus are primarily used extensively by WinSRFR:

1) By thetreeview inthe Analysis Explorer.
2) By thevarious graphsin the World Data Tabs and Run Results.
3) For Data Table entry.

AnalysisExplorer Context Menus
The Context Menusin the Analysis Explorer can be accessed by either:

a) Clicking theright-mouse button on aniteminthetreeview. Clicking theleft-mouse button outside
the Context Menu removesit.

b) Pressing the space bar after selecting an item using the arrow keys. Pressing the escape (Esc) key
removesthe Context Menu.

Analysis Explorer
Elﬂ Farm: The Brown Family Farm

Context menu
provided by the

EICI Design: __ Analysis Explorer
O Basin Design

o
- Simulation: Sirmt Open Window

Femove ..

Cut
Copy

Details - Border Design

The menu displayed isspecific to theitem selected in thetreeview.

© 2006 ... USDA / ARS / Arid-Land Agricultural Research Center



58

WinSRFR Help & Manual

1.6.5.3

GraphicContext M enus
The Context Menus provided by the various graphs can only be accessed by clicking the right-mouse on

the graph. The main menu can be used to access all the functions provided in these Context Menus.

R0.0 100.0 150.0
1 |

1':”:”:' L L \' L I L 1 L } 1 1
4 w19 \ Cortext Menu\_

Copy bitmap provided by A
Contral Graphs

Center here
g0.0 + Zoom infout here

Choose Solution at this poink ..

Wiew Dyvnamic YWaker Distribution Diagram

™ AN

Themenu displayed is specific to the graph.

Help

WIinSRFR provides hel p through many mechanisms, most of which are standard in Windows
applications:

F1Key

Pressing the F1 key at any time will display the section in the online help most appropriate to the
window that hasfocus.

What'sThis? Help

What's This? help is accessed under the Help menu or viaitstoolbar button. Once selected the question
mark mouse pointer isdisplayed until acontrol isclicked. At that time a short description of the control
isdisplayed. Thisdisplay isremoved by clicking the mouse again.

Tooltips

Tooltips are displayed by hovering the mouse over acontrol. Tooltipsare only used wherethey add
value.

Help Menus

Each window providesaHelp menu for accessto commonly requested helpitems.
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1.6.54

Help Buttons

Most dialog boxes have aHelp button in the lower right corner. Pressing this button provides help for
that dialog box.

PDFManual

The help provided online by WinSRFR isalso availablein PDF format. Both the online help and the
PDF manual are produced from the same source so they provide the same content.

Data Table Entry

Data Tables are used throughout WinSRFR for entry and display of tabular data. They appear in
Window's forms, as shown below, as well as in Dialog Boxes. Data can be entered manually, pasted
from the clipboard or imported from a file. Once entered, data can be copied to the clipboard and
exported to a file. Itis important to remember that when data is imported or pasted into a Data Table,
the new data must have compatible columns of data both in number and data type.

™ WinSRFR - Furrow - Measured advance and recession data (Memiam-Keller) — II:I x|
File Edit ‘iew Ewvaluation Help
HES v 0 a2 P

Data Tables hawe a name,

column headings with units ples. Case: Tests ;
and rows of data sis: Memam-Keller Analysis

Advance Table =] Recession Table Opportunity Time Table
Distance Time ’; Distance  Time Distance Time
(m) (hn) (m) (h) Mt )t
0 0 > 0 0 1023 Calculated columns are
b 01% Errors are indicated with a 10.2¥ flagged with an asterisk
50 029 red icon. Hovering the 102 (*) and are read only.
75 0.48 rouse overthe ican 10.04
100 0.55 displays the error message. 2 9.9
125 0.a4 o 125 - 125 975

»  EIEEE | 150 1067 150 971
175 1.22 |Va|un: in column ‘Distance [m]' must increase -unntoni:all;ﬁﬁ
200 14 200 1068 200 965
225 165 225 10.71 175 941
250 1.496 250 1074 200 528
275 2.25 275 1077 225 506
300 2.65 300 10,78 2a0 678
325 296 325 108 275 B&2
|35n 394 L= 30 mnay =l ann R1% =l

Average = 8.3 hr
N RocsteionTable *Celculsted by

EventhrIdl System Gsomatry] Soil Crop Pmparliasl Inflow f Funoff  Advance / Recassion Executiun] Results
‘ No Results are available; Run the Analysis to generate the Results User Level: Advanced

Menu items for all Data Tables are found in the File and Edit menus as well as in Context Menus.
The File Menu is used for Importing and Exporting tabular data. There is File menu entry for every
Data Table being displayed. The Data Table's name is displayed as the menu item's hame.
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o
Eile Edit Format “iew Help

mm mm ]
=200 0]

-180 5

—1a0 25

=140 35

-120 40

=100 45

-30 45

—-a0 45

—40 50

-20 50

0 50

20 50

40 50

a0 50

B0 50

100 45

120 40

140 40

160 40

180 10

200 0

|

<] o g

The file shown above contains data ready to be imported into a Profilometer Data table. Note that the
first line in this file contains the units applicable to each column of data. If this line is present, the
units specified will be used when the file is imported. If this line is missing, the units currently being
displayed by WIinSRFR will be used. Of course, a Profilometer Data file exported by WinSRFR can
always be imported later. Files are checked to ensure they have a valid number of rows and columns
and the right type of data in each column. Error message(s) will be displayed if the data is not valid
or incompatible with the current setup.

© 2006 ... USDA / ARS / Arid-Land Agricultural Research Center



Welcome to WinSRFR 61

Enter / Edit Furrow Crozs Section Data 7| x|

File Edit Help

Save Field D ata & Cloge
Cancel & Cloge

Prafilormeter Data

—prnh ometer Data =

kinn Data Furrow Shape

TTo —>» IPDW

Irpart From File. ..
Export To File...

The File menu has a

No. of Rods = temthatprovides mport s T
Rod Spacing {mm) m En-q:n:urﬂgrElL E[P;eTzrtjulfgémeter
Profilometer Data

Fod Location | Rod Depth = \ /j

(rrm) * (rrrm)
P -200 0

-180 ]

-160 2h

-140 35

-120 40 —Fower Lao Furrom

-100 45 z

80 s Total Depth {(mm) IEEI 3

&0 a5 Width at 100mm 457 =

an ro = Exponent IEI.EEI 3:
Cross Section Area (m™ 21 =0.015 Power Law Area (m™2) = 0.015

sawve Data & Close Cancel | Help |

Similarly, the Edit Menu is used for inserting & deleting rows as well as for other editing functions

such as Clear, Copy and Paste.
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Enter / Edit Furrow Crozs Section Data il b
File | Edit Help

Copy Bitmap

b
i-::tiun Data Furrow Shape

Frafiloreter Data ¥ [ rzert Eirst B o R IPDwer L j
i Inzert Baw Before
- Profilometer Data —— Inzert n Bows After... i ' p L
ofilometer ovwer Law

No. of Rods Clear T able
Rod Spacing {mm)] Delete Fow
Profilometer Data Copy T able The Editmenu has a

Fiod Location Faste Tatle 'FProfilometer Data!

l) (mm) menu item that provides
» 900 i data editing functions.

-180 g

-160 25

-140 35

-120 40 —Power Law Furrow

-100 45 Total Depth (mm) all -

-A0 45 _

&0 a5 Y¥idth at 100mm 487 =

an rn hd Exponent ID.ZEI 3:

Cross Section Area (m™2) = 0.015 Power Law Area (m™2) = 0.015

Cancel | Helg |

Besides being in the File and Edit menus, these functions are also available in Context Menus
directly in the Data Table. Right-click with the mouse on the table or row to display the corresponding
Context Menu.
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Right-click hera
for tahle menu.

il ri
[mzert Eirst Biaw

y

Clear T able

| CopwTable
Fazte T able

100 0.65

41 nr mhd

Adwvance Table

[k i
Right-click on & row
for its row menu.

Inzert n Rows Befare...

[nzert n Rows After. ..

Delete Row

[1nC nod L

When pasting data from an application like Excel, the first row may contain the units to apply to each
column. If the units are copied to the clipboard, they will be used when pasting the data into
WInSRFR. If the units are not copied, the row data will use the units currently being displayed by
WInSRFR.
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F3 Microzoft Excel - Profilometer D ata.xls

@ File Edit “iew |nsert Fomat  Tools  Data

LheE &V B e =z-2 i

A107 - & cm
A | B | ¢

1M
102 |Furrow Geometry Highlighted data
103 ¥ has been copied
104 n to the cliphoard
105 g for pasting into a
106 % " Frofilometer Data
107 cm CIT
108 -20 5 -20 5.4
109 -18 4.5 -18 4.5
110 -16 25 -16 3
111 -14 1.5 -14 3
112 -12 1 -12 1
113 -10 0.5 -10 0.5
114 - 0.5 - o
115 B 0.5 -6 0.5
116 -4 o -4 1.5
117 -2 o -2 2
118 o o o 2
119 2 o 2 1.5
120 4 o 4 2
121 = o = 2
122 g o = 24
123 10 0.5 10 24
124 12 1 12 3
125 14 1 14 3.4
126 16 1 16 4
127 18 4 18 5
128 20 =l 20 =
129

1.6.5.5 Cut/Copy / Paste

The Analysis Explorer uses Cut, Copy & Paste to:

1) Move item from one location to another (Cut & Paste)
2) Make a new copy of item (Copy & Paste)

For example, if you want to run a Simulation on the Border Design in the list shown below, perform
these steps:

a) Copy the Border Design to the clipboard using its Context Menu.
b) Select a Simulation World Folder.
c) Paste the Border Design into the Simulation World Folder using its Context Menu.
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Cut / Copy
To Cut or Copy, right-click on an Analysis or Simulation then select Cut or Copy in the context menu.

Pressing the space bar also displays the context menu for the selected item in the Analysis Explorer.
Use the arrow keys to choose the menu item then press Enter to invoke it.

Cut & Copy are also available for World Folders and Fields.

Analysis Explorer
Elﬂ Farm: The Brown Family Farm

Context menu
provided by the )

Analysis Explorer

= ## Simulation: Sirm Open ‘Window

Femove ..

Cut
Copy

Details - Border Design

Paste
To Paste, right-click on a World Folder then select Paste Analysis or Simulation in the context menu.

Pressing the space bar also displays the context menu for the selected item in the Analysis Explorer.
Use the arrow keys to choose the menu item then press Enter to invoke it.

Paste is also available for pasting World Folders into Fields & Fields into Farms.
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1.6.6

1.6.6.1

Analysis Explorer

=@l Farm: Basin Examples

=\ Field: Basin Field
=1 Event Folder 1

~|_1 Double-Click here ta start an Event Analysis

=1 Design: Example Basin Design

-3 Step 1: Upper limit for lenogth

& Step 2: Upper limit for width (length = 200 )

Operations: Example Basijabhasssiais

£ Step 3 DU and irrigatio Fiemove ..

&2 Step 4: DU and irfigatio Start new Analysis ..

=8 Simulation: Example Basin

&3 Step 5 Simulate an irig

£ Step B Simulate an irig

Cut
Copy

Paste Analyziz

The new item keeps the same name, if possible; you may want to modify this using the Details view
shown below the Analysis Explorer.

Note - If an item with the same name is already in the folder, the pasted item's name will be modified
by appending a sequence number.

Dialog Boxes

Most WinSRFR dialog boxes have a Help button in the lower-right corner that displays ahelp page
describingitsuse.

Helpisavailablefor thefollowing dial og boxes:

User Preferences

Units

Match Infiltration Method

Edit Furrow Crosssection Data
Vary With Distance & Time
Slope/ Elevation Table Entry
Choose Solution

User Preferences

The User Preferences dialog box provides access to user-customized aspects and defaultsfor
WinSRFR's User Interface and function execution. These preferencesvary from user to user on the
same PC asthey are stored in the Current User section of the Window's Registry. Some user
preferences only take effect when WinSRFR is started so changes may not be seen until you close and
restart WinSRFR. These settings, however, have menu itemsthat change the preferencesimmediately
(Unitsisoneexample).
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The User Preferences are grouped on six tabs depending on their use and application:
Startup - Default valuesfor application-wide data
Files - Pathsto commonly used files/folders
View - Optionsfor enabling / disabling and controlling WinSRFR views
Dialogs - Options controlling whether or not certain dialog boxes are displayed
Units - Unitssystem and default units selection
Color - Colorsto usefor graphs

Each tab and its User Preferences are listed bel ow.

Startup Tab

FarmName - default name used when anew Farm / Project is created
Farm Owner - default name used for the Farm's Owner

Evaluator - default name of the person running WinSRFR; thisnameis used whenever anew
Analysis/ Simulationiscreated

2| x]

—Default Farm Name & Owner

Farm Mame |The Black Flace

Farm Cwher |Farmer Brown

Default Evaluator Ijls

il | Cancel Help
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FilesTab

Default Log & Diagnostic Folder - path to the folder for WinSRFR'slog and diagnosticsfiles.

Uszer Preferences

ChDocuments and SettingshjschlegehApplication DatalsDAMWYINSRF
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ViewsTab

Default ResultsView
Portrait Page - all Resultsare displayed on a Portrait page (Print Preview-like view)
GraphsOnly - graphsfill the available window; text results display on aPortrait page

Show Simulation Animation during Run - selectswhether or not the Simulation Animation will
automatically display whenaSimulationisrun

K7

|’Defﬂult Besuls Yiew

" Porrait Page & Graphs Only

W Show Simulation Animation during Run

Startup | Files  “iews |Dialogs | Units | Color |

il | Cancel Help
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DialogsTab

Suggested Default Values - controls whether or not to confirm suggested changesto the Solution M odel

or Cell Density when running aSimulation

Unconditionally Accept - use suggested default valueswithout confirmation
RequireConfirmation - display dialog box to confirm changes

Infiltration Function - controlswhat happenswhen anew Infiltration Function is selected.

NoMatching - keeps|nfiltration Function parametersindependent from selection to
selection

AutoMatching - automatically matches parametersfor new Infiltration Function with
oldfunction

ConfirmedMatching - displaysdialog box to confirm changes

Suggested Default Values

" Unconditianally Accept + Require Confirmation
These options applyto suggested changes for Salution kModel and
Cell Density when running a Simulation.

Infiltration Function

" Mo hatching " Auta Matching ' Confirmed katching

These options apphy when changing from ane Infiltration Function
selection to ancther.

............................

Ok | Cancel Help
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UnitsTab

Default Unit System - selects whether Metric or English units are used as the default units system
Options - alowsselection of individual unitsfor specific datatypes

Default Time Units - selects whether Hours or Minutes are used as the default time units

K7

—Default Unit System
—hdetric Options
Flow Bate lps v
& hetric
FieldSlope  |m/m v
—English Options
 English Flow Bate cfs &
Field Slope If-u'ﬂ vl
Default Time Units  |hr =

.......................

il | Cancel | Help
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Color Tab

Line Colors- selectsthe colorsfor individual lineswhen drawing graphs. Colorsare used in the order
shown when multiple parameters are drawn on the same graph.

K7

—Line Colors

B Colori |
[ ] Color2 |
P  Color3 |
B Colord |
[ ] Colors |
[ ] Colors |
[ ] Color? |
B Colors |
B  Colord |

Startup | Files | Wiews | Dialogs | Units

il Cancel Help
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1.6.6.2 Units Dialog Box

WinSRFR provides the option of working in either Metric or English units with additional options
available under each. Use the radio button to select the Unit System and the drop-down controls to
select the desired options.

Pressing the Ok button will apply your selections and close the dialog box.

Pressing the Apply button will apply your selections and leave the dialog box displayed so more
changes can be made.

Pressing the Close button will close the dialog box without applying the last set of changes.

Select Unit System & Options !EI

—lnit Systern
—hdettic Uhits
 Metric Flow Fiate Ips v
Field Slope  |mfm -
—English Units
o Emih Flow Rate cfs -
Field Slope I‘rt,-"ﬂ vl

Time Units hr -

[ ok | Apply | Close |

© 2006 ... USDA / ARS / Arid-Land Agricultural Research Center



74 WinSRFR Help & Manual

1.6.6.3 Match Infiltration Method

In WIinSRFR, there are six methods, selected using the Soil / Crop Properties tab, for specifying how
water infiltrates into the soil:

Known Characteristic Infiltration Time
NRCS Intake Family

Time-Rated Infiltration Family
Kostiakov Formula

Modified Kostiakov Formula

Branch Function

oukrwnNE

When the Infiltration Method is changed, one of three operations occurs depending on the choice
made using the User Preference's Dialogs tab:

1. No Matching
2. Automatic Matching
3. Confirmed Matching

Unless No Matching is selected, when a new method is chosen, WinSRFR selects infiltration
parameters so the new method matches the old method as closely as possible. When Confirmed
Matching is selected, the following dialog box is displayed allowing you to verify and adjust, if
necessary, the newly selected infiltration parameters.

Select / Match Infiltration Function Para x|

A new Infiltration Function has been selected and an
initial 'best match' hetween the new & old methods has
been provided. Ise the contrals below to make required
adjustrments while viewing the graph to the right to
compare the old & new infiltration functions.

known Characteristic Infiltration Time

Kostiakow k = 32.299 mmthra

Characteristic Infiltration Depth m (nulai]
Corresponding Infiltration Time ISE.DB 3: hr
f Eiostiakow a IIII.31B 3:

Dizable dialog box using Llser Freferences' Dialogs tah.

Ok Cancel Help

This dialog box is displayed so that the old method is viewable below the graph and the new method
is displayed to the left of the graph. The graph will contain a line for each Infiltration Method. Adjust
the parameters of the new Infiltration Method in the dialog box while viewing the results of the change
in the graph. When the new Infiltration Method meets your needs, press Ok to complete the change.
Press Cancel at any time to abort the change.
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1.6.6.4 Edit Furrow Cross Section Data

WInSRFR defines the cross section of a furrow as either a trapezoid or power law function. These
two methods are convenient for mathematical operations but may not be easy to define. The Enter /
Edit Furrow Cross Section Data dialog box enables entering furrow cross section data as measured
in the field which WinSRFR then will use to calculate a 'best fit' to either a trapezoid or power law
function.

Three methods are available for entering furrow cross section data:
1. Depth/Width Table - a series of furrow depth / width pairs

2. Profilometer Table - furrow depths as measured using a Profilometer
3. Top/ Middle / Bottom widths with a single Depth

Enter / Edit Furrow Crozs Section Data 7| x|

Fle Edit Help
Furrow Cross Section Data Furrow Shape
|Prn:ufi|n:umeter j — FitTo —> |P|:|werLaw j
Frofilometer Data,
No. of Rods 51 - Frofilometer FPower Law
Rod Spacing {mm) 20 El:
Profilometer Data
Fod Location | Rod Depth =
(rrm) * (rrrm)
» -200 B
-180 14
-160 18
-140 26
-120 24 Power Lawe Furrow
-100 6 Width at 100mm (mm) [335 =]
-80 96 T =
&0 102 Exponent : El
an 4 Ll Total ngth (mm] 44 =
Cross Section Area (m™2) = 0.025 Power Law Area (m™2) = 0.023

Cancel | Help |

The entered cross section data can be fitted to either a trapezoid or power law function. WinSRFR
calculated values are displayed in blue but can be modified if a different fit is desired; modified
values are displayed in green.

Once the desired fit has been achieved, press the "Save Data & Close" button to transfer this data
back to the WinSRFR Analysis or Simulation. To exit the dialog box, press the "Cancel" button. The
"Cancel" button simply closes the dialog box with no further action; any changed values will be lost.
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This dialog box is accessed using the System Geometry tab. Select either "Power Law from Field
Data" either "Trapezoid from Field Data", then press then "Edit Data" button to bring up the dialog

box.

1 WinSRFR - Furow - Twe-point data (Elliol-Walker) =10] x|
File Edit ‘iew Ewalustion Help

H& - 3N -

Farm: Event Analysis Examples, Field: Tests
Folder: [rrigation Evaluations, Analysis: ElliotWalker (Two-Point) Anahysis - Power Law Fumow

System Geometry
Furrow, No Drainback, Open End Top View Furrow Spacing = 1m
~ Bottom Description . .
Slope j ; Furrow Length = 168.55 m .
Slope. S SelectField Data as

input and push Edit
Diata buttan.

Wiew Slope = 0.0002 mfm

~— Eurrow Shape & Dimensions |:l'> —\Water Flow-» :D

[Power Lawfrom Field Deta -] |_EditData | = ° )

‘Width at 100mm |5?1 mim Power Law Cross Seclion Exponent=10.418

Exponent |I141 8

o
Total Depth 3 mm 5
=
Constant 1.496 Calculated i
results are set o
and graphed. / S -- - \Wiclth at 100mm = 571 mm

Furrow Spacing

Furrow Length |1 BBSS  m

Event'World System Geometry | Soil Crop Properies | Inflow f Runoff | Two-Foint Advance | Exacution | Results |
No Results are available; Run the Analysis to generate the Results User Level: Advanced
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1.6.6.5

1.6.6.6

Vary With Distance & Time

Some parameters within WinSRFR can be specified as either a single constant or as a table. Slope
within System Geometry is one example. Slope can be a constant or it can be specified as a Slope
Table or an Elevation Table as shown below.

In Version 1.0 of WinSRFR, these parameters can vary only by distance down the field. Variation by
time is not supported.

Elevation Table E

File  Edit
Distance Elewation
(rm) (rm)

» 0 0.o3
15.24 ooz
45 72 0.o3
0.2 0.o3
10668 0oz
13716 0.04
167 B4 0oz
18593 0.o3

PP e B
Field Length = 18593 m

YWary Elevation By .
|7 ! Distance Only £ Bistance & it

Ok | Cancel | Help

Operations, such as Copy & Paste and Insert & Delete, are available using either the menu bar or via
right-click context menus.

Some restrictions on data entry may be in place depending on the minimum & maximum number of
rows and on whether or not rows are required for the start and/or end of the field. These restrictions
vary from parameter to parameter.

Slope / Elevation Table Entry

A field's Slope, specified using the System Geometry tab, can be a constant value from the start of
the field to its end or it can vary with distance down the field. In WinSRFR, Slope is expressed as a
constant or as a Slope Table or Elevation Table as shown below. The Slope Table and the Elevation
Table are merely different ways of viewing and editing the same tabular data. Only one set of slope
data table is stored within WinSRFR for each field. Tabulated Elevation data can be entered and
stored then viewed as a Slope Table and vise versa.

© 2006 ... USDA / ARS / Arid-Land Agricultural Research Center



78 WinSRFR Help & Manual

Slope T able Ed

File  Edit

Slope Table
Distance slope =
(rn) (m/m)

» 0 0.0023
2h 0.003z2
50 0.0024
75 0.0036
100 0.0044
125 0.004
150 0.004
175 0.0082

=
Field Length = 625 m
YWary Slope By .

|7 {*' Distance Only ¢ Distance & Time
Ok Cancel Help

Elesvation T able x|

File  Edit

Elewation Table
Distance Elewation =
(rn) (rn)

» 0 10
2h 9.93
50 9.85
75 9.79
100 9.7
125 9.59
150 9.43
175 9.39

=
Field Length = 625 m
Yary Elevation By _..

|7 {*' Distance Only ¢ Distance & Time

Ok | Cancel | Help
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1.6.6.7 Choose Solution

1.6.7

When working with Border fields in either the Physical Design or Operations Analysis Worlds, a Run
produces contour graphs of many possible solutions for your irrigation needs. To evaluate a single
solution, the Choose Solution dialog box lets you select a single point within the contours.

A Water Distribution Diagram for this point will then be added to the Results.

Choose Solution From Contours |

Choose the contour point that will
be used to complete the solution.

Length 1251 S|

Wi clth 36.9

il Cancel | Help |

Keyboard Navigation

WinSRFR can be operated using the keyboard alone; use of the mouse is not required. Some of the
ways auser can navigate the various windows and dialog boxes using only the keyboard are
documented below.

Menus
To activate any Menu item:

1) Pressand release the "Alt" key. Thisselectsthefirst menuinthe menu bar and underlinesthe
activation keysfor all menuitems.

2a) Usethe arrow keysto traverse the menu to select the item you want then pressthe "Enter” key.
or

2b) Pressthe underlined activation key for the desired menu item.
Tab Pages
To select atab page:

1) Usethe"Tab" key to movefocusto thetabs.

2) Usethe arrow keysto select the tab page.
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NumericControls
To select anumeric entry control:

1a) Usethe"Tab" key to movethefocusto the control. "Tab" movesthe focusforward while " Shift-
Tab" movesfocus backward.

or
1b) Usethe"Alt" asyou would the shift key to select the numeric control. All controlshave an
associated activation key; thisistheletter underlined in the control'slabel. For example, "Alt-W" will
select the control with "W" underlined. The"Tab" key may be needed to selected aparticular control
if itisinagroup of controlsthat share asinglelabel.

To edit the value of anumeric entry control:
2) When anumeric control hasfocus, itsvalueisusually highlighted. Y ou can simply typein anew
value at this point or use the arrow keysto position the cursor to a point where you can edit the
current value.
3a) Press"Enter". The new valuewill be entered and focus will stay on the control.

or
3b) Press"Tab". The new valuewill be entered and focuswill move to the next control.

Selection Controls

To select aselection control:
1a) Usethe"Tab" key to move thefocusto the control. "Tab" movesthe focus forward while " Shift-
Tab" movesfocus backward.

or
1b) Usethe"Alt" asyou would the shift key to select the control. All controls have an associated
activation key; thisistheletter underlined in the control'slabel. For example, "Alt-S* will select the
control with"S" underlined. The"Tab" key may be needed to selected aparticular control if itisina
group of controls shareasingle label.

To edit thevalue of aselection control:

2) Usethe arrow keysto move through the selections.

Check Box Controls
To change the state of acheck box control:
1) Usethe"Tab" key to move focusto the check box.

2) Usethe "Space bar" to change the state.
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Buttons
To press a button:

1a) Usethe"Tab" key to move the focusto the button. "Tab" movesthe focus forward while " Shift-
Tab" movesfocus backward.

or
1b) Usethe"Alt" as you would the shift key to pressthe button. All buttons have an associated
activation key; thisistheletter underlined in the button'slabel. For example, "Alt-A" will pressthe
buttonwith"A" underlined.

AnalysisExplorer

To use the Project Management window's Analysis Explorer:

1) Usethe"Tab" key to move the focusto the Analysis Explorer. "Tab" movesthefocusforward
while" Shift-Tab" movesfocus backward.

2) Usethe arrow keysto move around in the explorer. The up and down arrows move through the
visibleitems. Theleft movesup through theitemsclosing levelsasit goes. Theright arrow moves
down through theitems opening levelsasit goes.

3a) Onceyou have selected an Analysisor Simulation, pressthe"Enter" key to display itinits
corresponding WinSRFR World.

or
3b) Pressthe " Space bar" to display the Context Menu associated with theitem. Usethearrow keys
to select the Context Menu item then press "Enter” to activate that item. Pressthe escape key, "Esc”,
to remove the Context Menu.

Function/Control Keys

Some functions can be accessed directly by using function or control keys:

F1 -Help
AnalysisExplorer
Ctrl-X - Cut
Ctrl-C - Copy
Ctrl-v - Paste
Results Tab
Ctrl-F - Portrait layout
Ctrl-L - Landscape layout
Ctrl-G - Graphicslayout
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WorldWindows

Ctrl-P - Print

Ctrl-R - Run the Analysisor Simulation

Ctrl-w - Display the main WinSRFR Project Management Window
All Windows

Ctrl-S - Save

Ctrl-Y - Redo

Ctrl-Z - Undo
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2 Common Tasks

This section provides help for getting started using WinSRFR's functionality. Each topic provides a
series of steps to help you understand how to use WinSRFR to improve your surface irrigations.
Topics include:

Working with Furrows

e Evaluate a Furrow Irrigation
e Simulate a Furrow Irrigation

Working with Basin Fields

e Design a Basin Field
e Operate a Basin Irrigation
e Simulate a Basin Irrigation

Working with Border Fields

e Design a Border Field
e Operate a Border Irrigation
e Simulate a Border Irrigation
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2.1

Evaluate a Furrow Irrigation

Evaluate a Furrow Irrigation describes how to evaluate the performance of an irrigation of a furrow as
well as estimate the Modified Kostiakov Formula parameters that describe the infiltration of water into
the furrow's soil.

You should open the WinSRFR file, Event Analysis Examples.srfr, installed under
WinSRFR/Examples to view the analyses described in this section..

All event analyses start in the same manner:

1. Event World Tab - select the system type (Cross Section, Upstream & Downstream
Conditions) and the desired analysis type.

2. System Geometry Tab - enter the field's physical dimensions (Length, Width & Slope).

3. Soil / Crop Properties Tab - enter the field's surface roughness and perhaps its soil's
infiltration characteristics.

4. Inflow / Runoff Tab - enter either the Standard Hygrograph or Tabulated Inflow data
describing the irrigation water's flow onto the field. For Open-End fields, enter the Tabulated
Runoff, if any, that occurred during the irrigation.

The next tab varies depending on the analysis type selected in step 1.

Probe Penetration Analysis:

5. Probe Measurements Tab - enter the field's pre-irrigation soil water depletion data and the
post-irrigation probe depths.

Merriam-Keller Analysis: (Includes estimation of Kostiakov k)

5. Advance/Recession Tab - enter the tabulated advance & recession data measured during
the irrigation.

Elliot-Walker Analysis: (Includes estimation of Kostiakov k, a & b)

5. Two-Point Data Tab - enter the two-point advance data measured during the irrigation.

After all you data has been entered, proceed to the Execution tab to Run the analysis. If Kostiakov
infiltration parameters were estimated, you can also verify the accuracy of the estimations.
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2.2  Simulate a Furrow Irrigation

Simulate a Furrow Field is similar to Simulate a Border Field, except furrows are used within the
border.

You may open the WinSRFR file, Furrow Examples.srfr, installed under WinSRFR/Examples to
view the results of each step in this example.

Objective: Simulate the operating conditions of a single furrow within the following border field.
Border Dimensions: 40m wide by 400m long
Furrow Dimensions: 1.25m spacing, 400m long, Trapezoid shaped

Anticipated Cropping Pattern: Bare soil yields a resistance to flow represented by a Manning n of
0.04.

Soil Conditions: For the given soil and crops to be grown, the design application depth, Dreq, is 100
mm which is characterized be an infiltration time of 210 minutes using a Kostiakov a of 0.5.

Available Flow Rate to Borders: 230 Ips

AE: 80%

Step 1: Simulate the operating conditions of a single furrow within the following border field.
Enter field conditions and run criteria:

Simulation World Tab
Cross Section = Furrow
Upstream Condition = No Drainback
Downstream Condition = Open End

System Geometry Tab

Slope, S: 0.0005 m/m
Furrow Shape: Trapezoid
Bottom Width, W: 300 mm
Side Slope: 1.5 H/V
Maximum Depth 300 mm
Furrow Spacing: 1.25m
Furrow Length: 400 m

Soil / Crop Properties Tab:
Roughness Method: NRCS Suggested Manning n
Select 0.04 - Bare Saoll

Infiltration Method: Known Characteristic Infiltration Time
Char. Infiltration Depth: 100 mm

Corr. Infiltration Time: 3.5 hr (210 min)

Corr. Kostiakov a: 0.5

Inflow Management Tab:
Required Depth, Dreq: 100 mm
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Inflow Rate, Q: 4 Ips
Cutoff Time, Tco: 8 hr

Data Summary Tab
Verify all values on one tab

Execution Tab:
Press Run Button

Results Tab:
View the various results tabs.

Rerun with other Inflow Rates & Cutoff Times.
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2.3  Design aBasin Field

Design a Basin Field is based on Chapter 4 - Example Design from the WCL Report #19, BASIN - A
Computer Program for the Design of Level-Basin Irrigation Systems - Version 2.0 published by
the USDA / ARS / US Water Conservation Laboratory in Phoenix, AZ. This example design and
operation of a level-basin is followed step-by-step but is updated for use with WinSRFR.

You may open the WinSRFR file, Basin Examples.srfr, installed under WinSRFR/Examples to view
the results of each step in this example.

Design Objective: Determine the optimal basin size for the following field and design conditions.
Field Dimensions: 600 m wide by 1200 m long
Basin Dimensions: To Be Determined (TBD)

Anticipated Cropping Pattern: A variety of crops will be grown with alfalfa creating the most
resistance to flow; thus, a Manning n of 0.15 would be selected for this condition. A Manning n of
0.04 is used for anticipated smooth conditions or level furrows used within the basins.

Soil Conditions: For the given soil and crops, the design application depth, Dreq, is 100 mm which
is characterized by an infiltration time of 210 minutes using a Kostiakov exponent, a, of 0.5.

Available Flow Rate to Basins: 230 Ips

Design DU: 80%

Step 1: Determine the upper limit for basin length.

Create a new, default Design Analysis in a Design World Folder using either WinSRFR's Edit menu or
the World Folder's right-click context menu. Name this analysis "Step 1".

Enter field conditions and run criteria:

Design World Tab
Cross Section = Basin
Upstream Condition = No Drainback
Downstream Condition = Blocked End

Select:
| want to ... Find the maximum limits for a field's dimensions.
I know ... Q, DU, Dreq

Soil / Crop Properties Tab
Roughness Method: NRCS Suggested Manning n
Select 0.15 - Alfalfa

Infiltration Method: Known Characteristic Infiltration Time
Char. Infiltration Depth: 100 mm

Corr. Infiltration Time: 3.5 hr (210 min)

Corr. Kostiakov a: 0.5

Inflow Management Tab:
Required Depth, Dreq: 100 mm
Inflow Rate, Q: 230 Ips
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Execution Tab:
Verify Dreq = 100 mm & Q =230 Ips
Set DU to 0.8 (80%)
Press Run Button

Results Tab:

View under Design Results: Length =229.4 m & Width = 62.68 m
The maximum basin length & width recommended by WIinSRFR for the defined field conditions are
229.4 m and 62.68 m respectively.
A length of 200 m will be chosen in Step 2 since 200 m is the largest length less than 229.4 m that is
evenly divisible into 1200 m, the length of the entire field. (see Field Dimension above).

Step 2: Determine the upper limit for basin width for length = 200 m.

Copy the Design Analysis from Step 1 and Paste it into the same Design World Folder. Name this
analysis "Step 2". Refer to Cut/ Copy Paste for help.

Enter field conditions and run criteria:
Design World Tab
Select:
| want to... Determine a reasonable general design for a field.
' know... L, Q, DU, Dreq
System Geometry Tab

Set Length, L: 200 m
Verify Width, W: TBD

Execution Tab:
Verify Dreq = 100 mm, L =200 m, Q =230 Ips & DU = 0.8

Press Run Button
Results Tab:
View under Design Results: Width = 84.16 m
For a 200 m long field, the maximum basin width recommended by WinSRFR for the defined field

conditions is 84.16 m.

A width of 75 m will be chosen in Step 3 since 75 m is the largest width less than 84.16 m that is
evenly divisible into 600 m, the width of the entire field. (see Field Dimension above).

The result of these two design steps is a recommended basin size of 75 m by 200 m. 48 such basins
completely fill the 600 m by 1200 m field yielding irrigation Distribution Uniformities of at least 80%.

To continue this example, proceed to Operate a Basin Irrigation.
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2.4  Operate a Basin Irrigation

Operate a Basin Irrigation is based on Chapter 4 - Example Design from the WCL Report #19,
BASIN - A Computer Program for the Design of Level-Basin Irrigation Systems - Version 2.0
published by the USDA / ARS / US Water Conservation Laboratory in Phoenix, AZ. This example
design and operation of a level-basin is followed step-by-step but is updated for use with WinSRFR.

You may open the WinSRFR file, Basin Examples.srfr, installed under WinSRFR/Examples to view
the results of each step in this example.

This example is continued from Design a Basin Irrigation.

Operations Objective: Determine the operating conditions for the following basin field.

Basin Dimensions: 75 m wide by 200 m long

Anticipated Cropping Pattern: A variety of crops will be grown with alfalfa creating the most
resistance to flow; thus, a Manning n of 0.15 would be selected for this condition. A Manning n of
0.04 is used for anticipated smooth conditions or level furrows used within the basins.

Soil Conditions: For the given soil and crops to be grown, the design application depth, Dreq, is 100
mm which is characterized by an infiltration time of 210 minutes using a Kostiakov exponent, a, of
0.5.

Available Flow Rate to Basins: 230 Ips

Step 3: Determine the DU and irrigation guidelines for previously designed basin when growing

alfalfa.

Copy the Design Analysis from Design a Basin Irrigation, Step 2 and Paste it into a new Operations
World Folder. Name this analysis "Step 3". Refer to Cut / Copy Paste for help.

Enter field conditions and run criteria:
Operations World Tab
Select:
| want to... Optimize an irrigation for a set Inflow Rate or DU.
' know... L, W, Q, Dreq
System Geometry Tab

Length, L: 200 m
Width, W: 75 m

Soil / Crop Properties Tab:
Roughness Method: NRCS Suggested Manning n
Select 0.15 - Alfalfa

Execution Tab:
Verify Dreq = 100 mm, L =200 m, W =75m & Q = 230 Ips

Press Run Button
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Results Tab:
View under Operations Results:
DU =81.1%

Cutoff Time (Tco) = 2.23 hr (134 min)
Advance Time = 2.74 hr (164 min)
Advance Distance at Tco = 176.21 m
Advance Distance Ratio at Tco (R) = 0.881

Step 4: Determine the DU and irrigation guidelines for previously designed basin when irrigating bare
soil (ex: furrow in a level basin).

Copy the Design Analysis from Design a Basin Irrigation, Step 2 and Paste it into the Operations
World Folder. Name this analysis "Step 4". Refer to Cut / Copy Paste for help.

Enter field conditions and run criteria:
Operations World Tab
Select:
| want to... Optimize an irrigation for a set Inflow Rate or DU.
' know... L, W, Q, Dreq
System Geometry Tab

Length, L: 200 m
Width, W: 75 m

Soil / Crop Properties Tab:
Roughness Method: NRCS Suggested Manning n
Select 0.04 - Bare Soil

Execution Tab:
Verify Dreq = 100 mm, L =200 m, W =75m & Q = 230 Ips

Press Run Button

Results Tab:
View under Operations Results:
DU =87%

Cutoff Time (Tco) = 2.08 hr (125 min)
Advance Time = 1.76 hr (106 min)
Advance Distance at Tco = 200 m
Advance Distance Ratio at Tco (R) =1

The example is WCL Report #19 stops here, however, using WinSRFR this example can be
extended by simulating the irrigations from Steps 3 & 4 to verify the basin design & operations.

To continue this example, proceed to Simulate a Basin Irrigation.
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2.5

Simulate a Basin Irrigation

Simulate a Basin Irrigation is an extension to the Chapter 4 - Example Design from the WCL Report
#19, BASIN - A Computer Program for the Design of Level-Basin Irrigation Systems - Version
2.0 published by the USDA / ARS / US Water Conservation Laboratory in Phoenix, AZ.

You may open the WinSRFR file, Basin Examples.srfr, installed under WinSRFR/Examples to view
the results of each step in this example.

This example is continued from Operate a Basin Irrigation.

Simulation Objective: Verify the irrigation operating conditions for the following basin field.

Basin Dimensions: 75 m wide by 200 m long

Anticipated Cropping Pattern: A variety of crops will be grown with alfalfa creating the most
resistance to flow; thus, a Manning n of 0.15 would be selected for this condition. A Manning n of
0.04 is used for anticipated smooth conditions or level furrows used within the basins.

Soil Conditions: For the given soil and crops to be grown, the design application depth, Dreq, is 100
mm which is characterized by an infiltration time of 210 minutes using a Kostiakov exponent, a, of
0.5.

Available Flow Rate to Basins: 230 Ips

Step 5: Simulate an irrigation for previously designed basin when growing alfalfa.

Copy the Design Analysis from Operate a Basin Irrigation, Step 3 and Paste it into a new Simulation
World Folder. Name this simulation "Step 5". Refer to Cut / Copy Paste for help.

Enter / verify field conditions and run criteria:

Simulation World Tab
Cross Section = Basin
Upstream Condition = No Drainback
Downstream Condition = Blocked End

System Geometry Tab
Slope, S: 0 m/m
Length, L: 200 m
Width, W: 75 m
Soil / Crop Properties Tab:
Roughness Method: NRCS Suggested Manning n
Select 0.15 - Alfalfa
Execution Tab:

Press Run Button

Results Tab:
Compare results to those from Operations Analysis World.
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Step 6: Simulate an irrigation for previously designed basin with bare soil (ex: furrow in a level-
basin).

Copy the Design Analysis from Operate a Basin Irrigation, Step 4 and Paste it into a the same
Simulation World Folder. Name this simulation "Step 6". Refer to Cut / Copy Paste for help.

Enter field conditions and run criteria:

Simulation World Tab
Cross Section = Basin
Upstream Condition = No Drainback
Downstream Condition = Blocked End

System Geometry Tab
Slope, S: 0 m/m
Length, L: 200 m
Width, W: 75 m
Soil / Crop Properties Tab:
Roughness Method: NRCS Suggested Manning n
Select 0.04 - Bare Soil
Execution Tab:

Press Run Button

Results Tab:
Compare results to those from Operations Analysis World.
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2.6  Design aBorder Field

Design a Border Field is similar to Design a Basin Field, except the field has a slope so borders are
required.

You may open the WinSRFR file, Border Examples.srfr, installed under WinSRFR/Examples to
view the results of each step in this example.

Objective: Determine the optimum border size for the following field and design conditions.

Field Dimensions: 600 m wide by 1200 m long
Field Slope: 0.0005 m/m

Anticipated Cropping Pattern: Alfalfa will be grown creating a resistance to flow represented by a
Manning n of 0.15.

Soil Conditions: For the given soil and crops to be grown, the design application depth, Dreq, is 100
mm which is characterized be an infiltration time of 210 minutes using a Kostiakov a of 0.5.

Available Flow Rate to Borders: 230 Ips

AE: 85%

Step 1: Determine the optimum length & width for a border within the field.

Create a new, default Design Analysis in a Design World Folder using either WinSRFR's Edit menu or
the World Folder's right-click context menu. Name this analysis "Step 1".

Enter field conditions and run criteria:

Design World Tab
Cross Section = Border
Upstream Condition = No Drainback
Downstream Condition = Open End

Select:
| want to ... Given an Inflow Rate, find the tradeoffs between
Border Length and Width.
Using... Depth Criteria: Low Quarter

System Geometry Tab:
Bottom Description: Slope
Slope, S: 0.0005 m/m

Soil / Crop Properties Tab
Roughness Method: NRCS Suggested Manning n
Select 0.15 - Alfalfa

Infiltration Method: Known Characteristic Infiltration Time
Char. Infiltration Depth: 100 mm

Corr. Infiltration Time: 3.5 hr (210 min)

Corr. Kostiakov a: 0.5
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Inflow Management Tab:
Required Depth, Dreq: 100 mm
Inflow Rate, Q: 230 Ips

Execution Tab:
Verify Width = TBD, Q = 230 Ips & Dreq = 100 mm
Verify Depth Criteria is Low Quarter

Select Contour Ranges of:
Border Width: 10 to 300 m
Border Length: 50 to 600 m

Press Run Button

Results Tab:
Select the PAE Iq tab toward the top of the window.

Note the highest PAE contour of 85% at the lower right of the graph.

Select the Design / Choose Solution... menu item to choose an
optimum length & width. In this case choose:
Length: 400 m (field length of 1200 m is evenly divisible by 400)
Width: 40 m (field width of 600 m is evenly divisible by 40)
Press Ok.

A new tab containing the Solution Point for L=400m & W=40m is
added to the Results.

Note the graph showing the infiltration distribution followed by the
irrigation performance parameters.
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2.7 Operate aBorder Irrigation

Operate a Border Field is similar to Operate a Basin Field, except the field has a slope so borders are
required.

You may open the WinSRFR file, Border Examples.srfr, installed under WinSRFR/Examples to
view the results of each step in this example.

This example is continued from Design a Border Field.

Objective: Find alternate Inflow Rates & Cutoff Times that will yield the desired Application
Efficiency.

Border Dimensions: 40 m wide by 400 m long
Border Slope: 0.0005 m/m

Anticipated Cropping Pattern: Alfalfa will be grown creating a resistance to flow represented by a
Manning n of 0.15.

Soil Conditions: For the given soil and crops to be grown, the design application depth, Dreq, is 100
mm which is characterized be an infiltration time of 210 minutes using a Kostiakov a of 0.5.

Available Flow Rate to Borders: TBD

AE: 85%

Step 2: Verify the irrigation results from Step 1

Copy the Design Analysis from Step 1 in Design a Border Field and Paste it into an Operations World
Folder. Name this analysis "Step 2". Refer to Cut/ Copy Paste for help.

Enter field conditions and run criteria:

Operations World Tab
Cross Section = Border
Upstream Condition = No Drainback
Downstream Condition = Open End

Select:
| want to ... Evaluate the operations of an irrigation.
Using ...  Cutoff Criteria: Cutoff Time

Depth Criteria: Low Quarter

System Geometry Tab:
Bottom Description: Slope
Slope, S: 0.0005 m/m
Length, L: 400 m
Width, W: 40 m

Soil / Crop Properties Tab
Roughness Method: NRCS Suggested Manning n
Select 0.15 - Alfalfa
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Infiltration Method: Known Characteristic Infiltration Time
Char. Infiltration Depth: 100 mm

Corr. Infiltration Time: 3.5 hr (210 min)

Corr. Kostiakov a: 0.5

Inflow Management Tab:
Required Depth, Dreq: 100 mm
Inflow Rate, Q: 230 Ips
Cutoff Time, Tco: 2.22 hr

Execution Tab:
Verify Cutoff Criteria is Cutoff Time, Tco: 2.22 hr
Verify Length = 400 m, Width = 40 m, Q = 230 Ips & Dreq = 100 mm
Verify Depth Criteria is Low Quarter
Press Run Button

Results Tab:
Only the Solution Point tab should be available.

Compare this graph with the one produced in Step 1. They should
be nearly identical.
Step 3: Find Inflow Rates & Cutoff Locations that yield acceptable Application Efficiency.

Copy the Operations Analysis from Step 2 and Paste it into an Operations World Folder. Name this
analysis "Step 3". Refer to Cut/ Copy Paste for help.

Enter field conditions and run criteria:

Operations World Tab
Cross Section = Border
Upstream Condition = No Drainback
Downstream Condition = Open End

Select:
| want to ... Find the tradeoffs between Inflow Rate & Cutoff.
Using... Cutoff Criteria: Cutoff Time

Depth Criteria: Low Quarter

System Geometry Tab:
Bottom Description: Slope
Slope, S: 0.0005 m/m
Length, L: 400 m
Width, W: 40 m

Soil / Crop Properties Tab
Roughness Method: NRCS Suggested Manning n
Select 0.15 - Alfalfa

Infiltration Method: Known Characteristic Infiltration Time
Char. Infiltration Depth: 100 mm

Corr. Infiltration Time: 3.5 hr (210 min)

Corr. Kostiakov a: 0.5
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Inflow Management Tab:
Required Depth, Dreq: 100 mm
Inflow Rate, Q: TBD
Cutoff Time, Tco: TBD

Execution Tab:
Verify Cutoff Criteria is Cutoff Location, R
Verify Length = 400 m, Width = 40 m
Verify Depth Criteria is Low Quarter

Select Contour Ranges of:
Inflow Rate: 100 to 500 Ips
Cutoff Time: 1to 3 hr

Press Run Button

Results Tab:
Select the PAE Iq tab toward the top of the window.

Note the highest PAE contour of 85% at the top center of the graph.
Select the Operations / Choose Solution... menu item to choose an
optimum inflow rate & cutoff time. In this example choose:

Inflow Rate: 350 Ips

Cutoff Time: 1.5 hr
Press Ok.

A new tab containing the Solution Point for Inflow Rate 350 Ips,
Cutoff Location 0.65 is added to the Results.

Note the graph showing the infiltration distribution followed by the
irrigation performance parameters.
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2.8

Simulate a Border Irrigation

Simulate a Border Field is similar to Simulate a Basin Field, except the field has a slope so borders
are required.

You may open the WinSRFR file, Border Examples.srfr, installed under WinSRFR/Examples to
view the results of each step in this example.

This example is continued from Operate a Border Field.

Objective: Simulate the operating conditions for the following border field.
Border Dimensions: 40m wide by 400m long

Anticipated Cropping Pattern: Alfalfa will be grown creating a resistance to flow represented by a
Manning n of 0.15.

Soil Conditions: For the given soil and crops to be grown, the design application depth, Dreq, is 100
mm which is characterized be an infiltration time of 210 minutes using a Kostiakov a of 0.5.

Available Flow Rate to Borders: 230 Ips

Design DU: 80%

Step 4: Simulate an irrigation for previously designed border when growing alfalfa.

Copy the Operations Analysis from Step 3 in Operate a Border Field and Paste it into a Simulation
World Folder. Name this analysis "Step 4". Refer to Cut / Copy Paste for help.

Enter field conditions and run criteria:

Simulation World Tab
Cross Section = Border
Upstream Condition = No Drainback
Downstream Condition = Open End

System Geometry Tab

Slope, S: 0 m/m
Length, L: 400 m
Width, W: 45 m

Soil / Crop Properties Tab:
Roughness Method: NRCS Suggested Manning n
Select 0.15 - Alfalfa

Infiltration Method: Known Characteristic Infiltration Time
Char. Infiltration Depth: 100 mm

Corr. Infiltration Time: 3.5 hr (210 min)

Corr. Kostiakov a: 0.5

Inflow Management Tab:
Required Depth, Dreq: 100 mm
Inflow Rate, Q: 350 Ips
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Cutoff Method: Time-Based Cutoff
Cutoff Time, Tco 1.5 hr

Data Summary Tab
Verify all values on one tab

Execution Tab:
Press Run Button

Results Tab:
Compare results to those from Operations Analysis World.

99
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Technical Background

The U.S. Water Conservation Lab (USWCL) has devel oped several software programs over the past
20+ yearsto aid in the efficient design, operation, management and simulation of surfaceirrigation.
Included inthislist are:

BASIN —Level-Basinirrigation design and management
BORDER — Sloping-Border irrigation design, management and operations
SRFER —Basin, Border and Furrow irrigation simulation

The newest software program, WinSRFR, combines the features and functions from these three legacy
DOS programswhile adding new capahilitieslikeirrigation event analysis. Usersof BASIN, BORDER
& SRFR will notice many similaritiesin nomenclature, data groupings, selections and output displays.
Whilethefunctionality provided by these older programsisstill valid, WinSRFR movesthis
functionality into themodern Windowsparadigm.

WIinSRFR is produced by the Arid-Land Agricultural Research Center (ALARC), the successor to the
USWCL. ALARC ispart of the USDA's Agricultural Research Service (ARS).
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3.1 BASIN

BASIN isamenu-driven program for the design of level-basinirrigation systemswhere water is
assumed to flow from one end to the other (one-dimensional). The user entersfield conditionsregarding
soil infiltration and flow resistance. BASIN then allowsthe user to examine the rel ationshi ps between
field dimensions, inflow rate, and cutoff criteria(time or location of advance). One combination of these
variablesisdisplayed in an output table. The user can change inputs and rerun to compare alternatives.
(Therelationshipspresented in BASIN arederived from one-dimensional simulation resultsthat were
capturedin tablesin dimensionlessform.)

The latest release, BASIN 2.0 - Patch 1, occurred on January 20, 2000.

o BASIN.EXE

ield Conditions esi

-

BASIM is a
rmenu-driven
DOS program

®  Data iz entered
via dialog boxes

Continue 1338080

The Calculate menu is used to execute the selected function; the results are then displayed in atext-
based table.
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e BASIN.ESE

Field Conditions
Description
Target or Min. Depth (Zn)
Average or Gross Depth (Egd
Low Quarter Depth (Zlgd

2GS Intake Families
Target Opportunity Time (Inl

Infiltration Eguation Z=kT"a

Output

189 mm
183 mm

318.85 min

Constant <k>
Exponent <(a»

SCS Family
Manning n

Heference Flow Rate
Heference Length

R

31.98 mashr"B.68

ERRORS - 8 YARMINGS -

H.68
8.5
B8.288

1.824 l/s/m The results are
displayed in a
tabluar format.

BASIN providesboth physical design aswell as operations and management support for level-basin
surfaceirrigation. While not clearly delineated in the program, physical design functionsresult in the
calculation of field Length and/or Width. Functionsthat do not produce one of these two physical
parameters are considered to be operation and management functions. Operationsand management
functions are used to test and optimizeirrigation parameters such asinflow rate, cutoff time or location

anddistributionuniformity.
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3.2

BORDER

BORDER, aDOS program, pertainsto plane, sloping-border stripswith tailwater runoff. Itisassumed
that there is no transverse slope and that the inflow is distributed uniformly acrossthe width and is
constant with time until cutoff. BORDER consists essentially of astored database of previously
calculated irrigation simul ations along with amechanism for quickly retrieving these and displaying the
results of any given set of geometrical-design and operating parameters. Such results can be expressed
through selected performanceindicators, such asapplication efficiency, distribution uniformity,
adequacy of irrigation, water cost per application, etc.

The design of sloping-border stripswith tailwater runoff isfacilitated by displaying the results of a
whole range of design and operating parameters, so that a user can see what is possible in the way of
performance with given field conditions, aswell aswhat combinations of parametersyield an optimum.
Values of selected performanceindicators are cal culated on agrid defined by the range of design or
operating variables. Contour linesare then interpolated between grid values, to display the behavioral
pattern of the chosen performance indicator asthe design or operating parametersare varied.

When operated in physical design mode and the maximum available water supply to thefield isknown,
BORDER can display the effect of varying border length and width on selected performanceindicators;
aternately theinter-relationship between inflow and length can be displayed for agiven width.

In management mode, the border-strip geometry isinput and the effect of variationsin inflow rate and
cutoff time on sel ected performanceindicators can be explored. Asan alternativeto cutoff time, the
position of the advancing front in the border strip at cutoff can be displayed.

Finally, inirrigation-eval uation mode, with both physical geometry and operating conditions specified,
all factorsthat determineirrigation performance are known, and BORDER displaysthe outcome.

The latest release, BORDER 1.0 - Update 2, occurred on January 31, 2000.
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Border Design Aid (version 1.8)
File Field Characteristics  Application Options Execute  Help
= H|EE| B
BORDER s a
menu-driven DOS
prograr P al Desig
— Design Options
() Border Width: £t
Like BASIM, data
{(®) Available Flow Rate: 2119 cfs is entered using
dialog bhoxes
Target Depth: 3.937 in
| L 0K | | “? Help | |§€Eﬂncel | |®Eesiure| | H Go |
Enter the maximum flow to the border (B.BBHA —— Y.BG621)
Infiltration: NRCS (S5C5) Families Application: Physical Design
Data File: c:uswchHborder™1.8*data*border.dat English Units Data Status: Unchanged

The Execute menu is used to run the sel ected function and the results are displayed as graphs, some

with additional parameter lists.
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RUN 1 PAE Ig: POTENTIAL APPLICATION EFFICIENCY
LENGTH 445.932 WIDTH 152.51

k= 282 in-hr*a a=H.7YH6 p=-B.180 5H-BBAB1HBA 0O = 212 cfs Dreq= 3.94 in
CONTOUR INTERVAL: 5=
ElIE’IEI 1E’IIE’IE’I 12|BE’I

These contours represent
tradecffs between field
parameters

B
1]
R
D
E
R
H
|
D
T
H

‘EEm £ 188 1268
BORDER LENGTH C(ft)

Theresult of aBORDER runisaset of contours representing many possible solutions. 1n the example
above, the contours show the tradeoff in thelow-quarter Potential Application Efficiency (PAEIq) for
border lengths from O to 1300 feet and widths from 0 to 200 feet.

To get moreinformation about a specific length and width, the user clickswithin the contoursto pick a
single point to produce awater distribution diagram for that point. A resulting water distribution
diagramisshown below.
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RUN 2 DISTRIBUTION OF INFILTRATED DEPTHS

PHYSICAL DESIGN: CUTOFF SUCH THAT Dig = Dreq PERFORMANCE
k= £.B2 in-hr~a a-H.YH6 n=-H.188 S5SH-B.BA1HBH Dreq- 3.94 in

B 588 80@ 1786
pa————t———f————f————————{-6

Unax =
Tco =

Choosing a point within BORDER
9ap l XAco L

the contours weilds a

water distribution diagram E |
RUNOFF AE
PAElg

DUlg =
INFILTRATION F AD lg=
D awvg=
d lq =
d min=
RO x =
RO d
DF »x =
DP
Dapp =
S/ac

1
N
F

|

L
T
R
A
T

|
1]
N

L*
. . . tco*
206 49 EAE K=
DISTANCE ALONG BORDER

Thiswater distribution diagram graphsthe depth of infiltration that occurred along the length of the
border field. Shown on theright sideisaset of performance parameters.

© 2006 ... USDA / ARS / Arid-Land Agricultural Research Center



Technical Background 107

33 SRFR

SRFR, aDOS program, isaone-dimensional mathematical model for simulating surfaceirrigation -- in
borders, basins, and furrows. It isassumed that all flow characteristics vary only with distance from
theinlet and time. No variation transverse to the main direction of flow isconsidered. Thus, any cross
slopein bordersand basinsis assumed negligible; also, theinflow therein isassumed distributed
uniformly acrossthewidth. Only singlefurrows are considered; neighboring furrows are assumed to
haveidentical flows--any variation in properties from furrow to furrow within afield must be modeled
separately. On the other hand, field propertiesliketheinfiltration characteristics and roughness, bottom
slopes, and furrow cross sections for example, can have a prescribed variation with distance along the
bed, and even with inundation time.

Theresults of asimulation, like those of an actual runinthefield, depend on the hydraulic properties of
the soil and crop (if the vegetation isimmersed in the flow), the physical design of the system (length,
slopes, etc.), and the irrigation management: flow rates, duration, etc., aswell asthetarget depth of
infiltration for theirrigation. When al of these quantities are prescribed by the user -- through the
interactive data-entry windows -- the simulation can be performed. Theresults—the advance and
recession curves, the runoff, and the distribution of infiltration depths a ong the length of the run when
recession iscomplete -- can be presented both graphically, and numerically through a series of
performanceindicators, such asapplication efficiency, distribution uniformity, adequacy of irrigation,
water cost per application, etc. Moreover, the graphical results of several smulationsunder different
conditions can be superimposed in different colorsfor convenient comparison. During the course of
each simulation, an animated graphic of the soil and water surfaces and the growing infiltration profile
inthe soil aredisplayed.

Simulations consist of numerical solutionsof equati onswhich represent, mathematically, universal
physical principleslike conservation of massand momentum. Thesegeneral equationsare
complemented by user-given conditions of theirrigation to make aspecific solution possible.

The latest release, SRFR 4.06, occurred on November 18, 1999.
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SRFR 4.86 [cosuswclsrfr~data~BORDER.DAT]
File Setup Configure Data Execuftion Run Help
] 5= H oo E Performance Synopsis (Dig) k.4 ‘@
¥EEC] cuswclhsrfrsdata~BORDER.DAT T | [+
[] [BORDER.®A1 Classical Criddie 54 rule] nly ane results -
graph can be seen
[] BORDER.BBZ Try 18@: at & time
[] BORDER.BB3 Predict lag time, to achieve farget at upstream
Data: Bottom Description —— Length and Slope
[1].4
(@88 o | ; LI
Slope: [6.09848  [m/m | [#%Cancel |
%units
7 Help
Distance from upstream to downstream end.
Like BASIN & BORDER,
SRFR s menu driven
with dialog boxes used
for data input
[+
Menu Bar: Click on a pull-down item to see its menu of opfions.

The Run menu is used to execute the sel ected function and the results are displayed as graphs, some
with additional parameter lists. An animation showing the surface water flow and infiltrationis
displayed whilethesimulationisrunning.
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n SARFR 4.86: Performance Synopsis (Dig)

109

# (m) [
. A 1684 P55} 2688 4[E
Some include a F——
nl parameter list ( o5
D ET R All results hawe a o

graphics section

m L B
m  EA- 168
2A 1 17
167 108
B 108 268 369 409

Ultimate Infiltration Distribution

-A81
L = 4AA.8 m L= |
H = 18.8 m L
Dreq = 188.8 mm
£} = 48.88 |ps
Tco = 99.33 min
Xa R = 8.75
TL = 157.65 min
AE = 98.8 =
PAElq = 8.9 =
DUlg = 8.83
ADlg = 8.48
Davg = 984 mm
Dmin = 34.2 mm
Dig = 48.7 mm
RO x = 1.44 =
RO d = a.8 mm
DP = B8 mm
Dapp = 59.6 mm
Cost = 23.84 s-hectare
L — OO rom

== ___[BORDER.BH1]1: Classical Criddle 34 rule

SRFR can produce graphsfor several performance parameters one of which isthe Performance

Synopsis (DIqg) shown above. Thisgraphissimilar to BORDER's Distribution of Infiltrated Depthsfor

PAEIq graph shown in the previous section.
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3.4

34.1

Manuals and Help

This section provides information from BASIN, BORDER & SRFR manuals and help systems that is
pertinent to their inclusion within WinSRFR. Since WinSRFR incorporates the functionality from
three legacy DOS programs, this information also applies to WinSRFR's users:

BASIN Design & Operations of level-basin irrigations

BORDER Design & Operations of sloping-border irrigations

SRFR Simulation of basin, border & furrow irrigations
BASIN

The following text was edited from BASIN's manual and help system to make it compatible with
WiInSRFR's incorporation of BASIN's functionality.

BASIN - Overview

Needs to be added.

Field Conditions

When designing a basin-irrigation system, it is important to properly define the conditions of the field
which are expected during irrigations. Since field conditions change over the season, it is
recommended you design for acceptable performance over a range of conditions (e.g., to give
appropriate seasonal performance). Thus far, BASIN only considers flat basins (no furrows or
corregations), and thus considers only crops planted "on the flat."

Infiltration

There are a variety of ways to describe infiltration. Basin design is based on the net or desired depth
of infiltration, Zn, however the design procedure also needs the time to infiltrate this depth, Tn, and
the infiltration exponent a. Basin design was developed from a Kostiakov power infiltration function,
but the results are not very sensitive to the exact shape of the infiltration function (defined by a) so
approximations to any function can be made. Four options are provided specifying infiltration:

Known Target Infiltration Time

Infiltration Equation

SCS Infiltration Families

Time-Rated Intake Families (Merriam & Clemmens)

e NS

Infiltration - Known Target Infiltration Time

This is the basic option from which the design procedure was developed. The following data is
requested:

Zn - Net depth to be infiltrated
Tn - Time required to infiltrate Zn
a - Exponent of Kostiakov infiltration function

a is the slope of cumulative infiltration depth-time curve on logarithmic paper. It defines how the
infiltrated depth changes as the opportunity time changes. For design, the primary concern is the
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range of infiltrated depths over the range of opportunity times within the basin.
Infiltration - Infiltration Equation
Only a simple power infiltration equation can be used here:
Zn =70 *Tn"a
where Zo is that depth infiltrated in time To.

For example if To is 60 min., then Zo is the depth infiltrated in 60 min. If To is the time base of an
infiltration function, the Zo will be the infiltration constant. The program calculates Tn from the above
equation and the following input data:

Zn - Net depth to be infiltrated

Zo - Depth infiltrated in time To

To - Reference time

a - Exponent of Kostiakov infiltration function

Infiltration - SCS Infiltration Families

Under this option, the user selects from among the SCS intake families which are published in the
SCS National Engineering Handbook, Border Irrigation (Chapter 4, Section 15, 1974). The program
calculates the time required to infiltrate the net depth from the intake family equation. The value of a
was approximated from a curve fit to the function between 2 and 4 inches. After selecting the
infiltration family, the user need only select:

Zn - Net depth to be infiltrated
Infiltration - Time-Rated Intake Families (Merriam & Clemmens)

It has been found that the SCS intake functions do not match field infiltration relations very well.
Basically, the slope of the infiltrated depth-time relationship on logarithmic paper, or value of a, of the
SCS families and real soils are often quite different. In addition, without field data, it has been
difficult to estimate values of a. Merriam and Clemmens developed a relationship between the time
to infiltrate 100 mm (3.94 in) and the value of a, which is a reasonable approximation for non-cracking
soils (e.g., a > 0.3). The user then inputs:

Zn - Net depth to be infiltrated
To - Time to infiltrate 100 mm

The program determines values for a and Tn. This is similar to he infiltration equation option (Option

2) with Zo = 100 mm. ("Time rated infiltrated depth families”, 1985 ASCE Specialty Conference on
Development and Management Aspects of Irrigation and Drainage Systems).

Resistance to Flow

The roughness of the soil surface and the vegetation cause the water to move slower than if the water
were moving over a smooth surface. Resistance to flow is defined by one of several relationships
between the velocity of flow, the hydraulic radius (flow area over wetted perimeter), and the friction
slope.

Resistance to Flow - Manning n

The Manning resistance formula has been used frequently in surface irrigation studies because of its
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simplicity. Several studies have indicated that the Manning n does not remain constant for flow
through vegetation. For example, the Manning n for a long basin of alfalfa with a high unit flow rate
would likely be higher than that for a short basin and a low unit flow rate. Some field experience with
the performance of basins will help to provide more precise values.

Two options are given for entering values of Manning n. The user can chose to simply enter a value,
or a selection can be made from a table of recommended values.

User Entry of Manning n
The Manning resistance parameter can be entered within the range 0.02 to 0.5
Table of recommended values for Manning n

The table is taken from USDA Soil Conservation Service recommendations for level basins and
border strips (SCS National Engineering Handbook, Border Irrigation). An additional entry is provided
based on field experience on long basins.

Design
Three design methods are provided to design a basin:

1. Design based on application time (SCS approach)
2. Design based on advance distance at cutoff
3. Design based on maximum recommended length

BASIN assumes that water flows from one end of the basin to the other -- uniformly across its width.
No adjustments are made to account for furrows, nor for conditions where the inflow is concentrated
at a location along the "head" end (e.g., corner turnouts are not accounted for). From field
experience, once the length is more than about twice the basin width, the location of the turnout
appears to have little influence on the resulting advance and irrigation uniformity. For nearly square
field, the diagonal distance has been used as the basin length, with the width determined by dividing
the basin area by this diagonal length. BASIN does not make these adjustments for the user.

BASIN assumes the following relationship for design:
DU=(Zn*L*W)/(Qin*Tco)

where
DU = distribution uniformity (minimum over average depth)
Zn = minimum depth infiltrated
L = basin length (parallel to direction of flow)
W = basin width (perpendicular to direction of flow)
Qin = basin inflow rate
Tco = application time

If the minimum depth is equal to the required depth, DU is also the potential application efficiency
(PAE) for full replacement (i.e., all infiltrated depth 0 Dreq).
Additional output includes:

Advance Time Advance distance at time of cutoff (R)
Maximum flow depth
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The design procedures also provide information on the low-quarter distribution uniformity (DUIq) and
the low-quarter infiltrated depth (DIq), but these are not used in the design procedures. Since DU is
always less than DUIq, design based on DU is always more conservative (i.e., predicts a lower
uniformity).

Design Based on Application Time (SCS Approach)

This design option closely matches the procedures developed by the Soil Conservation Service in
their Border Irrigation National Engineering Handbook. However, their design charts are replaced
with the solutions generated from BRDRFLW, providing more reasonable predictions of performance.

Under this option, the net depth (Zn) is always known, the application time (Tco) and advance
distance at cutoff (R) are always unknown. This leaves 4 parameters in the design process, 3 which
must be specified and the other is solved for as the unknown. The choices are:

Known (Zn) Unknown (Tco, R
Q L W DU
wl Qy I— \A
DU, L, W C
wl Qy W L

The variables for General Design Criteria are:

DU - Distribution Uniformty

L - Basin Length

W - Basin Wdth

Q - Inflow Rate

Zn - Net Infiltration

R - Rel ative Advance at Cutoff

Tco - Cutoff Tine
Design Based on Advance Distance at Cutoff

Field experience indicated that most irrigators use some measure of the advancing front to determine
when to cut off the stream, rather than a predetermined application time or an accumulated volume.
Wattenburger and Clyma have also suggested such an approach for design in developing countries
where the inflow rate may be unknown. Here we use the relative advance distance at cutoff (R=
advance distance at cutoff / field length) to determine the application time. For some choices of input
variables, the minimum depth infiltrated becomes an unknown, subject to the specified cutoff
criterion. Normally, Zn is assumed known as part of the field conditions. The choices are:

Known (R Unknown (Tco)
DU, L, W Zn, Q
DU, L, Q Zn, W
DU, W (Zn) L, G
DU, Q (Zn) L, W
L, W (zn) DU, G
L, Q (zn) DU, W

The variables for Advance Distance Criteria design are:

Distribution Uniformty
Basi n Length
Basin Wdth
I nfl ow Rate

osrg
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Zn - Net Infiltration
R - Rel ative Advance at Cutoff
Tco - Cutoff Tine

Design Based on Maximum Recommended Length

Use of machinery for cultural practices suggests the use of long basin for machinery efficiency.
Analysis of level basin design conditions indicated that for a given set of field conditions and desired
DU, the field's length has some practical limit, beyond which increasing the unit flow rate has a limited
influence on improving DU or allowing longer lengths. This limiting design is provided to allow the
user to determine a maximum potential length for the basin. We recommend analysis with the other
design options following identification of a maximum length. The choices are:

Known (Zn) Unknown (Tco)
Q L DU, W
L, wW DU, C
DU, Q L, W
DU, W L, G

The variables for Maximum Limit Line Criteria design are:

DU - Distribution Uniformty
L - Basin Length
W - Basin Wdth
Q - Inflow Rate

Zn - Net Infiltration
Tco - Cutoff Tine

Operations

One operations method is provided to evaluate the performance of a basin irrigation:
1. Evaluation of an actual irrigation event

Evaluation of the Results of Operation with a Particular Design Choice

Once the design is made, this option is used to determine how the basin will perform, given the field
dimensions, flow rate and operating rules. The operating rules define when the inflow is cut off --
based on time, or based on the advance distance.

This option is useful for examining the results of a design -- in terms of how it will perform over a
range of infiltration and roughness conditions and under different flow rates. This would allow one to
perform a sensitivity analysis.

Terminology

R - Relative Advance at Tco

The relative advance distance at cutoff (R) is defined as the ratio of advance distance at cutoff to the
field length. For user input, R is limited to the range 0.70 to 1.0. For non-cracking soils, this should
cover the reasonable range of conditions. For cracking soils, smaller values of R are possible, but
systems with such soils are not intended to be designed with BASIN.

Basin Length (L) - English Units
User input of basin length in the direction of flow is limited to 10 to 3281 ft.
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Basin Length (L) - Metric Units
User input of basin length in the direction of flow is limited to 3.0 to 1000.0 m.

Basin Width (W) - English Units
User input of basin width perpendicular to the direction of flow is limited to 10 to 3281 ft.

Basin Width (W) - Metric Units
User input of basin width perpendicular to the direction of flow is limited to 3.0 to 1000.0 m.

Basin Inflow Rate (Qin) - English Units
The basin inflow rate is the discharge expressed as a volume per unit time. The following range of
values is allowed as input: 0.1 to 50.0 cfs.

Basin Inflow Rate (Qin) - Metric Units
The basin inflow rate is the discharge expressed as a volume per unit time. The following range of
values is allowed as input: 0.3 to 416.0 liters/sec.

Time Required to Infiltrate Zn (Tn)
Valid Times are defined as follows: 12 <= Tn <= 2400.0 minutes or 0.2 <= Tn <= 40 hours.

Infiltration Exponent (a)

The infiltration exponent is important in determining how the infiltrated depth varies over the range of
infiltration opportunity times. For a small value of the exponent a, a given range of opportunity times
will give a smaller range of infiltrated depths than will a large infiltration exponent. Under laboratory
conditions with consolidated soils, the exponent a ranges between 0.5 and 1.0. However, under field
conditions where soils are often unconsolidated, exhibit cracking, and for surface sealing layers, the
exponent a can take on much smaller values. BASIN is not intended for soils that exhibit extreme
cracking, such as some heavy clay soils. The allowable range of the exponent a within BASIN is 0.3
to 0.8.

Net Depth Infiltrated (Zn) - English Units

The net depth infiltrated as defined here is the desired or target depth to be infiltrated. It is also, the
minimum depth infiltrated, as discussed under the design options. The net depth must be within the
range 1.0 <= Zn <= 10.0 inches.

Net Depth Infiltrated (Zn) - Metric Units

The net depth infiltrated as defined here is the desired or target depth to be infiltrated. It is also, the
minimum depth infiltrated, as discussed under the design options. The net depth must be within the
range 25.4 <= Zn <= 254 mm.

Infiltration Constant (k)

If Infiltration is described by a power infiltration function (Kostiakov), then the user must specify an
infiltration constant. This value of this constant depends on the units for both infiltration depth and
time. It has units Length divided by Time to the exponent a [L. (T"a) ]. One of three time units may
be chosed; seconds, minuted, or hours. Because of the wide range of values which result from the
choices of the time units and the exponent a, we do not explicitly limit the value of the infiltration
constant. THE USER MUST ASSURE THAT THE VALUE ENTERED IS REASONABLE!

Distribution Uniformity (DU)

DU is defined as the minimum depth infiltrated divided by the average depth, expressed here as a
percent. As user input, DU must be within the following range: 20 <= DU <= 98. If the DU resulting
form calculations falls outside this range, a warning message will be given since BASIN has no
reliable way to extimate the true conditions. Future versions of BASIN will have DU low-quarter as a
design choice in addition to DU.
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3.4.2

BORDER

The following text was edited from BORDER's manual and help system to make it compatible with
WIinSRFR's incorporation of BORDER's functionality.

BORDER -- Qverview

The BORDER design aid pertains to plane, sloping border strips with tailwater runoff. It is assumed
that there is no transverse slope, that the inflow is distributed uniformly across the width and is
constant with time until cutoff, that the soil and crop hydraulic roughness is satisfactorily described by
the Manning formula with a single value of the Manning n, and that the infiltration characteristics of
the soil are described by a power law in opportunity time (Kostiakov), with a single constant
coefficient and exponent.

BORDER consists essentially of a stored database of previously calculated irrigation simulations
along with a mechanism for quickly retrieving these and displaying the results of any given set of
geometrical-design and operating parameters. Such results can be expressed through selected
performance indicators, such as application efficiency, distribution uniformity, adequacy of irrigation,
water cost per application, etc.

The design of sloping border strips with tailwater runoff is facilitated by displaying the results of a
whole range of design and operating parameters, so that a user can see what is possible in the way of
performance with given field conditions, as well as what combinations of parameters yield an
optimum. Values of selected performance indicators are calculated on a grid defined by the range of
design or operating variables. Contour lines are then interpolated between grid values, to display the
behavioral pattern of the chosen performance indicator as the design or operating parameters are
varied.

Field conditions -- slope, roughness, and soll infiltration characteristics are input to BORDER by the
user, along with a target infiltration depth (volume per unit field area) satisfying the crop requirement.

With BORDER operated in physical-design mode, if the maximum available water supply to the field
is known, BORDER can display the effect of varying border length and width on selected performance
indicators; alternately the inter-relationship between inflow and length can be displayed for a given
width. Note that physically, the pertinent factor in determining performance is the inflow per unit
width; hence, the effect of changing inflow or width merely causes the displayed behavior pattern to
shift vertically on the screen.

In operations mode, the border-strip geometry is input to BORDER, and the effect of variations in
inflow rate and cutoff time on selected performance indicators can be explored. As an alternative to
cutoff time, the position of the advancing front in the border strip at cutoff can be displayed. Finally,
in irrigation-evaluation mode, with both physical geometry and operating conditions specified, all
factors that determine irrigation performance are known, and BORDER displays the outcome.

The user can sequence through a series of potential field conditions, say, as infiltration or roughness
varies over a season, or as the option of more frequent, lighter irrigations is explored in contrast to
heavier, infrequent applications.

Infiltration
Four methods to enter the infiltration characteristics of the subject field are supported. In every case,

however, the ultimate description is cumulative infiltration depth, d (volume per unit field area), as a
power law in opportunity time t (Kostiakov equation),

© 2006 ... USDA / ARS / Arid-Land Agricultural Research Center



Technical Background 117

d=k*tha

in which k and a are constants. The coefficient k represents the depth infiltrated in a unit of time
(e.g., hour or minute); a, the exponent, controls the reduction in infiltration rate with time. The smaller
is a, the sharper the reduction in infiltration rate, and the more pronounced is the "dog leg" in a plot of
cumulative infiltration vs. time. The theoretical value for uniform fine-grain sand in the early stages
of infiltration is 0.5, increasing somewhat with time as the soil near the surface is saturated. Soils
with a high clay content tend to exhibit smaller values.

On logarithmic paper, the plot of (Kostiakov) cumulative infiltration vs. time is always a straight line,
with a representing the slope of the line, and k the intercept at 1 unit of time.

A particular approach to establishing k and a is chosen by selecting one of the following options.

1. Known Characteristic Infiltration Time
2. Infiltration Equation

3. NRCS (SCS) Families

4. Time Rated Intake Families

Solil infiltration characteristics are particularly important in their effect on irrigation performance, yet at
the same time are often poorly known. In such a case, if the user can at least estimate the time the
soil requires to infiltrate a depth of 100 mm (4 inches), the empirical relationship incorporated into the
Time-Rated Intake Families can provide an estimate of the other characteristics. Similarly, the NRCS
(SCS) families are based on an estimate of the long-term (basic) infiltration rate of the soil, and in
some cases can provide reasonable figures.

Infiltration Input -- Known Characteristic Infiltration Time

A solil is often characterized by the time required to infiltrate a particular depth of water (volume per
unit field area). This characteristic depth is typically the target application depth for the irrigation, but
can be any convenient number. The next entry is the time to infiltrate that depth, with the time units
specified by the user as hours or minutes. Finally, the exponent in the power law is entered.

Clearly, the only difference between entering infiltration data in this way rather than by the constants
in the Kostiakov equation, is that the time intercept at a specified depth is entered, rather than the
depth intercept k at unit time.

Infiltration Input -- Infiltration Equation

Inasmuch as the units of the Kostiakov coefficient k are depth per unit time-raised-to-the-power a, the
numerical value of k depends strongly on the time units. Thus, the user selects first the unit time at
which k constitutes the intercept in the graph of the Kostiakov equation. The numerical values of k &
a are entered next.

Infiltration Input -- NRCS (SCS) Intake Families

In the 1970s, the Soil Conservation Service devised a system of characterizing soil infiltration by
membership in a family. The name of the family, a decimal number, was related to the final (basic)
infiltration rate (in inches per hour) exhibited by the soil after a long period of infiltration. Cumulative
infiltration for each family was described by an expression of the form,

d=K*t"A+C
a plot of which on logarithmic paper exhibits a slight curve. Each family was defined by particular

values of K and A; C was the same for all members. In other words, every SCS family was
characterized by a specific relation between K and A. All of the A values were somewhat higher than
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0.5, and all families, if graphed, formed a

regular progression of curves without intersections. While many soils fail to fit any of these families
(graphs of their cumulative infiltration vs. opportunity time intersect many SCS families), some are,
indeed, successfully incorporated within the SCS group. The opportunity to describe soil infiltration
by SCS family is provided for those users whose experience justifies describing their subject soils in
this way.

Since the Border Design Aid assumes Kostiakov infiltration, selection of an SCS family leads
automatically to a best-fit pair of Kostiakov k and a to the SCS K, A, and C. Thus, selection of an
SCS family in this dialogue box fixes both k and a.

Infiltration Input -- Time Rated Intake Families

Merriam and Clemmens built upon the NRCS concept of a general relationship between the
Kostiakov k and a, and, examining cumulative infiltration functions for many soils, empirically found a
correlation between the exponent in the Kostiakov formula and the time to infiltrate a (characteristic)
depth of, specifically, 100 mm (volume per unit field area).

The user specifies the time required to infiltrate 2100mm (3.91 inches) in either minutes or hours. An
empirical formula in BORDER, then, calculates the corresponding Kostiakov exponent, a, which is
displayed, but cannot be changed independently; the corresponding Kostiakov k is automatically
calculated.

Resistance to Flow -- Manning n

Both soil-surface drag and vegetative drag on the flowing irrigation stream are assumed to be
characterized by a single value of the coefficient n in the Manning formula, independent of both flow
rate and depth. For a given flow rate and bottom slope, a large value of n leads to a large flow depth,
a small value to small depths. The Border Design Aid provides either User Entry of a numerical value
of n, or a choice of USDA-NRCS recommended values based on crop conditions. Recent
measurements indicate that the recommended values may be somewhat low.

Resistance to Flow -- Manning n -- User Entry

Enter an estimate for the Manning coefficient accounting for both the condition of the soil surface and
the nature of any crop growth in the border strip.

Resistance to Flow -- Manning n -- NRCS (SCS) Recommended Values

Select one of the NRCS (SCS)-recommended values of the Manning coefficient on the basis of
expected soil and crop conditions.

Slope

Enter the slope of the border bed, i.e., the drop in bottom elevation per unit length of border strip in
the direction of flow. This number, which must be positive, is dimensionless: meters per meter in the
metric system, feet per foot in the English system.

Unit Water Cost

This option prompts the user for a dollar value of irrigation water per unit volume, in order that the
Border Design Aid can calculate an irrigation-water cost per unit field area.
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Application

Three modes of design assistance are provided by BORDER. Selection of one of these enables
display of corresponding graphs:

Application -- Physical Design

The aim of this option is to present the user with the effects of varying the physical-design variables
over a range of values, to show both what is possible in the way of performance for the given soil,
crop, and field conditions, and what values of design variables will yield that performance.

The physical-design variables are either (1) the length and width of the border strip, if a total available
inflow is known, or (2) length and inflow rate if the latter is not given. In case (2), a border-strip width
must be specified -- specification of a unit width will yield results on a per-unit-width basis. Thus, the
user first selects the Design Option -- Border Width, or Available Flow Rate; the selection is
completed by entering (editing) the numerical value of the selected variable. Since the variable
actually governing performance is the inflow rate per unit width, changing inflow rate or width only
shifts the entire set of contours vertically up or down on the screen.

Next, the Target Depth is selected, to be satisfied by either the minimum depth in the post-irrigation
infiltration distribution, or the low-quarter average (that particular choice is deferred to the Execute,
Options menu). In Physical-Design mode, BORDER seeks out and displays those combinations of
the design variables which will satisfy the selected target depth. Also shown, as contours, are the
resulting values of selected performance indicators.

The user will be asked to supplement the selected field conditions by a border width, or by a known
total inflow rate. The results will be shown as contours of selected performance indicators on a field
of physical-design variables (length and inflow rate, or length and width). Only those designs which
just satisfy the target depth with the smallest values in the post-irrigation distribution of infiltrated
depths are displayed.

Application -- Management

With this option it is assumed that the physical layout of the border strip is known, i.e., not only the
field infiltration, slope, and roughness, but also the length and width of the border strip. The aim is to
present the user with the effects of varying the management variables -- target depth, inflow rate, and
application time -- over a range of values, to show both what is possible in the way of performance,
and what values will yield that performance.

Thus, selection of the Management option leads to a dialogue window with a prompt for border-strip
length and width, to complement the field data entered under Field

Characteristics. In addition, the user is also asked to choose between Cutoff Time and Advance-at-
cutoff Ratio as the second management parameter, complementing inflow rate. Indeed, the
application time can be specified either as the time at which inflow is cut off, or in terms of the
position of the stream front in the border strip at the time of cutoff. The Advance-at-cutoff Ratio is the
ratio of stream advance to border-strip length at the time of cutoff (values greater than unity are
based on hypothetical advance beyond border end).

The results of varying the management parameters over specified ranges will be displayed as
contours of performance indicators on a field of the two selected management variables.

The user complements the selected field conditions with border-strip dimensions. The results will be
shown as contours of selected performance indicators on a field of management variables -- inflow
rate and application time. In this mode, the smallest values in the infiltration distribution are
independent of the user-selected target depth; the results, which assume the minimum or low-quarter
depth just matches the target depth, show how performance is influenced by the target depth choice.

© 2006 ... USDA / ARS / Arid-Land Agricultural Research Center



120

WinSRFR Help & Manual

Application -- Operation Evaluation

In this mode, BORDER accepts a complete set of field, physical-design, and irrigation-management
parameters which, together, determine the outcome of an irrigation. The results are displayed as a
graphic of the post-irrigation infiltration distribution along the length of the border strip, complemented
by the numerical values of a set of performance indicators: application efficiency, distribution
uniformity, irrigation adequacy, etc.

The application time can be specified either as the time to inflow cutoff, or in terms of the position of
the stream front in the border strip at the time of cutoff. The Cutoff Advance Distance Ratio is the
ratio of stream advance to border-strip length at the time of cutoff (values greater than unity are
based on hypothetical advance beyond border end). Selection of one or the other criteria allows
selection of a pertinent numerical value.

The Depth Criterion establishes whether the target depth is intended to be met by the minimum in the
infiltration distribution, or the average of the low quarter.

With all parameters of the irrigation given, the results are quickly calculated and displayed as a graph
of infiltration distribution along the length of the border strip and numerical values of an extensive
series of performance indicators (application efficiency, distribution uniformity, runoff percentage,
deep percolation, minimum or low-quarter depth, irrigation adequacy, cost per unit field area, etc.).

Solution-Grid Color Coding

The Performance-Grid displays small circles amongst the performance contours to show the graphed
locations of the computational pairs of design or management parameters. The color of the circle
denotes the degree of success achieved in calculating the irrigation performance.
If no performance contours could be developed, a graph is displayed showing the grid at which
solutions were attempted. At any given grid point, a solution can fail for any of several reasons. The
type of failure is indicated by color coding the grid points. The significance of the colors follows:
o A green circle indicates a normal calculation
¢ Yellow indicates that, with the given length, the application (flow rate or cutoff time) is
insufficient to yield a non-zero low-quarter-average, or minimum, depth in the infiltration
distribution.

¢ Cyan indicates that solution requires an application time greater than the values in the
database of border-irrigation simulations.

o Dark blue indicates a required application time smaller than database values.
e Magenta indicates an inflow rate larger than those contained in the database.
e Brown indicates an inflow rate smaller than those in the database.

¢ Red indicates a solution failure -- in which the succession of approximations failed to
converge.

o Light grey indicates no solution is possible: either inflow, length, or application time are zero.
Tco* grid, if selected, displays numerical values of dimensionless application time (cutoff time) at

each of the computed performance-grid locations. The dimensionless database in BORDER is
limited to the range 0.1 to 100.
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K* grid, if selected, displays numerical values of dimensionless infiltration (or dimensionless unit
inflow rate) at each of the computed performance-grid locations. The dimensionless database for
BORDER is limited to the range 0.1 to 10.0.

Depth criterion

Allows the user to select the basis for satisfaction of the target depth-of-application by the irrigation,
i.e., the basis for the numerical values of performance parameters: namely, either the minimum depth
in the post-irrigation infiltration distribution, or the average of the low quarter of depths in that
distribution.

Performance Contours

The contours displayed describe the field of variation of a selected performance indicator (by default,
named in the graph title; see Text, below) as it depends on the design variables. The contour interval
is indicated below the graph title. The contours are drawn by interpolating between values of the
performance indicator calculated on a grid of points. The grid can be made visible by selection of
Performance Grid in the Border Options dialog box. The fineness of the grid mesh is also controlled
in the Border Options dialog box. If the contour interval is too small relative to the grid spacing, the
inadequate resolution can lead to erratic behavior of the contour lines. If portions of the field of
contours appear inordinately jagged, the entire grid can be made finer through selection using the
Border Options dialog box. Or, alternately, the grid can be made finer over just a portion of the field
by dragging the mouse over that area (see Zoom, below). Of course, the Zoom feature can be used
simply to increase or reduce the range of physical-design variables displayed.

Water Destination Diagram

The complete irrigation results for a particular pair of physical-design parameters can be generated
using right clicking on the point in the graph corresponding to the values of the parameters. Then
select "Choose Solution at this point..." from the popup menu.

This display describes the performance of an irrigation, given a set of field conditions, a physical
design, and irrigation-management parameters. Along with numerical values of a variety of
performance parameters, the longitudinal distribution profile of water infiltrated into the border strip in
the course of the irrigation is shown graphically (depth = volume per unit field area).

For diagrams based on minimum depth:

In the graphical field, the portion of the curve at the left, between the graph boundary, representing
the upstream end of the border strip, and the double red lines labelled BORDER END constitutes the
computed physical infiltration. The remainder of the green curve is hypothetical infiltration, beyond
the actual end of the border strip. The area under this portion of the curve represents actual runoff
from the border strip. The minimum depth in the distribution is shown by a horizontal blue line. The
stated irrigation requirement is given by a red line.

For diagrams based on low-quarter-average depth:

In the graphical field, the portion of the curve at the left, between the graph boundary, representing
the upstream end of the border strip, and the double red lines labelled BORDER END constitutes the
computed physical infiltration. The remainder of the green curve is hypothetical infiltration, beyond
the actual end of the border strip. The area under this portion of the curve represents actual runoff
from the border strip. The average of the low quarter of depths in the distribution is shown by a
horizontal blue line. The stated irrigation requirement is given by a red line. These two lines, of
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course, are superimposed, for the conditions assumed in physical-design mode. The vertical blue
lines represent the boundaries of the one-quarter of border length with the smallest depths in the
distribution. Sometimes the lowest depths are at the downstream end of the border strip, sometimes
at the upstream end, depending on specific conditions. And, sometimes, both ends contribute to the
low-quarter average.

Performance Parameters

The text below the Water Destination Diagram lists the values of performance parameters pertinent to
the irrigation. Complementing the field conditions displayed at the top of the graph are the first six
entries:

e L - Length

e W - Width

Qin - Inflow Rate

Vmax - Maximum stream-flow velocity (for erosion potential)

Tco - Cutoff Time

XACOI/L - The relative position of the stream front when the application ends (advance-at-
cutoff ratio, the ratio between stream advance and border-strip length at cutoff; when the ratio
is greater than unity, hypothetical advance, beyond border end, replaces physical advance).

These values are followed by the appropriate subset of these performance parameters:

o AE - Application Efficiency: volume infiltrated within the requirement divided by volume of
inflow X 100%

e PAEmin - Potential Application Efficiency (minimum): application efficiency if inflow is
terminated at such time that the target depth is just satisfied by the minimum depth in the
post-irrigation infiltration distribution -- exactly the conditions for Physical Design, so AE and
PAE are equal.

o PAEIq - Potential Application Efficiency (low-quarter): application efficiency if inflow is
terminated at such time that the target depth is just satisfied by the low-quarter-average depth
in the post-irrigation infiltration distribution -- exactly the conditions for Physical Design, so AE
and PAE are equal

e DUmin - Distribution Uniformity (minimum): ratio of minimum depth of infiltration, to the
average depth infiltrated

e DUIq - Distribution Uniformity (low-quarter): ratio of low-quarter-average depth of infiltration
to the average depth infiltrated

e ADmin - Adequacy (minimum): ratio of minimum depth to the desired, target depth of
application

e ADIq - Adequacy (low-quarter): ratio of low-quarter-average depth to the desired, target
depth of application

o Dinf - Average Depth of Infiltration: volume infiltrated divided by border-strip area
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e Dmin - Minimum Depth: minimum depth in the post-irrigation infiltration distribution

e Dlqg - Low-Quarter-Average Depth: average of the lowest quarter of depths in the post-
irrigation infiltration distribution

e RO % - Runoff Percentage: ratio of volume of runoff to total volume of inflow X 100%
e RO d - Runoff Depth: volume of runoff divided by the area of the border strip

o DP % - Deep Percolation Percentage: ratio of volume of deep percolation to total volume of
inflow X 100%

e DP - Deep Percolation: volume of infiltration beyond the requirement divided by the area of
the border strip

o Dapp - Depth Applied: total volume applied (infiltration + runoff) divided by the area of the
border strip

e $/ha or $/acre - Irrigation-water cost: cost in US dollars of irrigation water per unit area of
cropped field

At the heart of the Border Design Aid is a dimensionless data base of inflow rates and cutoff times
and their effect on performance (section 5.1 of manual -- BORDER, A Design and Management Aid
for Sloping Border Irrigation Systems).

e L* - Dimensionless Length: ratio of border length to reference length X R (eq. 4, section 5.1
of manual)

e tco* - Dimensionless Cutoff Time: current value of dimensionless cutoff time
e K* - Dimensionless Infiltration Coefficient: current value of dimensionless infiltration
coefficient (whose inverse is dimensionless inflow)
Zoom

It is possible to zoom in to a portion of the graph by dragging a rectangle with the mouse over the
desired graph area -- from upper left to lower right.

Zooming out can be achieved by positioning the mouse cursor on a point within the graph and clicking

the right mouse button. This leads to a grid expansion centered on the given point. Zooming closes
the original graph, leaving only the zoomed version open.

3.43 SRFR

The following text was edited from SRFR's manual and help system to make it compatible with
WInSRFR's incorporation of SRFR's functionality.

SRFR -- Overview

SRFR is a one-dimensional mathematical model for simulating surface irrigation -- in borders, basins,
and furrows. It is assumed that all flow characteristics vary only with distance from the inlet and time.
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No variation transverse to the main direction of flow is considered. Thus, any cross slope in borders
and basins is assumed negligible; also, the inflow therein is assumed distributed uniformly across the
width. Only single furrows are considered; neighboring furrows are assumed to have identical flows --
any variation in properties from furrow to furrow within a field must be modeled separately. On the
other hand, field properties like the infiltration characteristics and roughness, bottom slopes, and
furrow cross sections for example, can have a prescribed variation with distance along the bed, and
even with inundation time.

The results of a simulation, like those of an actual run in the field, depend on the hydraulic properties
of the soil and crop (if the vegetation is immersed in the flow), the physical design of the system
(length, slopes, etc.), and the irrigation management: flow rates, duration, etc., as well as the target
depth of infiltration for the irrigation. When all of these quantities are prescribed by the user --
through the interactive data-entry windows -- the simulation can be performed. The results -- the
advance and recession curves, the runoff, and the distribution of infiltration depths along the length of
the run when recession is complete -- can be presented both graphically, and numerically through a
series of performance indicators, such as application efficiency, distribution uniformity, adequacy of
irrigation, water cost per application, etc..

Moreover, the graphical results of several simulations under different conditions can be superimposed
in different colors for convenient comparison. During the course of each simulation, an animated
graphic of the soil and water surfaces, and the growing infiltration profile in the soil are displayed.

The simulations consist of numerical solutions of equations which represent, mathematically,
universal physical principles like conservation of mass and momentum. These general equations are
complemented by user-given conditions of the irrigation to make a specific solution possible.

Infiltration

SRFR allows five different ways to enter the infiltration characteristics of the subject field. In every
case, however, the ultimate description is cumulative infiltration depth, d (volume per unit area),
based on a power law in opportunity time t (Kostiakov equation). This can be augmented by a
constant, c, representing the essentially instantaneous intake upon initial contact of water with soil (as
in cracking soils). Furthermore, a final, long-time infiltration rate, b, is recognized. Thus, a modified
Kostiakov equation (or, alternately, a Branch Function, detailed below) is used to describe infiltration
in SRFR:

d=k* tfa+b*t+c

in which k, a, b, and c are constants. The coefficient k represents the depth infiltrated in a unit of time
(e.g., hour or minute); a, the exponent, controls the reduction in infiltration rate with time. The smaller
is a, the sharper the reduction in infiltration rate, and the more pronounced is the "dog leg" in a plot of
cumulative infiltration vs. time. The theoretical value for uniform fine-grain sand in the early stages of
infiltration is 0.5, increasing somewhat with time as the soil near the

surface is saturated. Soils with a high clay content tend to exhibit smaller values.

On logarithmic paper, the plot of (Kostiakov) cumulative infiltration vs. time is always a straight line,
with a representing the slope of the line, and k the intercept at 1 unit of time (hour or minute: user
selectable -- see Help: System of Units). A non-zero value of b causes the line to curve upwards,
with increasing t, gradually approaching a slope of unity. A non-zero value of ¢ causes the line slope
gradually to decrease, at the smaller values of t, as cumulative infiltration approaches the constant
value.

A further modification of the Kostiakov formula is provided by the Branch Function, suitable for many
soils, which recognizes the final infiltration rate as taking over at the time at which the rate given by
the original Kostiakov formula equals that final rate. Thus, infiltration depth is assumed to increase,
initially, according to the relation:
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d=k*tra+c

and when the time rate, d/dt (d), equals the specified final rate, b, infiltration continues indefinitely at
the constant rate, b.

A particular approach to establishing the infiltration-formula constants is chosen by selecting one of
the following options.

Time Rated Intake Families

Modified Kostiakov formula

Branch Function

Known Characteristic Infiltration Time
SCS intake families

aprwNdRE

For a given soil, the numerical values of the infiltration-formula constants are heavily dependent on
the assumption made for the effect of wetted perimeter on infiltration. Approximately, for a given soil,
the Kostiakov coefficients, except for the exponent a, are inversely proportional to the effective
wetted perimeter. The default wetted perimeter for infiltration is the furrow spacing, except in the
case that the SCS intake families are selected -- then it is the value given by the SCS empirical
wetted perimeter formula.

Solil infiltration characteristics are particularly important in their effect on irrigation performance, yet at
the same time are often poorly known. In such case, if the user can at least estimate the time the soil
requires to infiltrate a depth of 100 mm (4 inches), the empirical relationship incorporated into the
Time-Rated Intake Families (for

non-cracking soils) can provide an estimate of the other characteristics.

In the 1970s, the Soil Conservation Service (now NRCS) devised a system of characterizing soil
infiltration by membership in a group of families (USDA, 1974). The name of the family, a decimal
number, was related to the final (basic) infiltration rate (in inches per hour) exhibited by the soil after a
long period of infiltration. Cumulative infiltration for each family is described by an expression of the
form,

d=k*tra+c

a plot of which on logarithmic paper exhibits a slight curve. Each family is defined by particular
values of K and A; C is the same for all families. In other words, the SCS families are characterized
by a specific relation between the name, K, and A. All of the A values are somewhat higher than 0.5,
and all families, if graphed, form a regular progression of curves without intersections. While many
soils fail to fit any of the families (graphs of their cumulative infiltration vs. opportunity time intersect
many SCS-families), some are, indeed, successfully incorporated within the SCS group. The
opportunity to describe soil infiltration is provided for those users whose experience justifies
describing their subject soils in this way.

When entering field infiltration data for furrow flow, the user should take care to note the selected
assumption for wetted perimeter for infiltration, because this selection materially affects the
appropriate value of accumulated depth. The wetted perimeter for infiltration is multiplied by the time
rate of increase of cumulative depth to yield the time rate of increase of accumulated volume per unit
length of furrow. For a given physical furrow infiltration, a volume per unit length, the wetted
perimeter for infiltration and the depth of infiltration are inversely proportional.

The default wetted perimeter for infiltration is the furrow spacing (unless an SCS Intake family has
been selected to characterize soil infiltration).

Infiltration -- Time Rated Intake Families
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The user enters the limiting depth of infiltration, if any. This might be caused by an underlying layer
of clay or hardpan. If infiltration is not limited, 0.0 is entered.

With time-rated intake families, the single entry, the time to infiltrate 100 mm (4 inches), defines the
infiltration characteristics of the soil. The result is a Kostiakov formulation in the form k t * a, with the
exponent a empirically tied to the characteristic time entered, and hence not independently
selectable.

Infiltration -- Modified Kostiakov Formula: k *t*a+b *t+c

The four parameters of the formula are entered. Inasmuch as the units of the Kostiakov coefficient k
are depth per unit time-raised-to-the-power-a, the numerical value of k depends strongly on the time
units. Thus, the user first selects the unit time (hour, minute) at which k constitutes the intercept in
the graph of the Kostiakov equation, and then enters k.

The user then enters the limiting depth of infiltration, if any. This might be caused by an underlying
layer of clay or hardpan. If infiltration is not limited, 0.0 is entered.

Infiltration -- SCS Intake Families

The user enters the limiting depth of infiltration, if any. This might be caused by an underlying layer
of clay or hardpan. If infiltration is not limited, 0.0 is entered.

The user enters the family name for the SCS intake family thought to best represent the infiltration
characteristics of the soil. Selection of this infiltration-specification option implies also (by default) a
corresponding wetted perimeter for infiltration given by the SCS empirical formula.

The SCS intake formula has the form z = k t * a + ¢, in which k and a depend on the family number in
accord with a published table, and c is a small constant (0.275 inches, or 7 mm), intended to make a
better fit to field data. At low flows on very large slopes, the depth of flow can be of the same order of
magnitude as this constant, and even smaller. This implies an enormous infiltration to the advancing
flow, leading to a spasmodic simulated advance. This artificial problem is avoided if the pertinent
SCS family is approximated by a best fit Kostiakov formulation, k * t  a. This option is selectable
(and is the default) upon selection of the SCS families for characterizing infiltration.

The default wetted perimeter for infiltration characterized by an SCS intake family is the SCS
empirical wetted perimeter, generally somewhat larger than the actual wetted perimeter of the furrow
(for other characterizations of infiltration, the default wetted perimeter for infiltration is the furrow
spacing).

Wetted Perimeter

These options are available only at the Advanced Level.

Five assumptions on the effect of wetted perimeter on furrow infiltration are available in SRFR. It is
essential to recognize that the coefficient values in the infiltration formulas are dependent, sometimes
heavily so, on the assumption made here. Approximately, for a given soil, the Kostiakov coefficients,
except for the exponent a, are inversely proportional to the effective wetted perimeter.

Local wetted perimeter means that the increase in volume infiltrated per unit length in a time step is
given by the increase in depth multiplied by the current wetted perimeter.

The second choice multiplies the depth increase by the wetted perimeter at the upstream end.

Alternately, the wetted perimeter calculated from normal depth at the inflow end of the furrow is used.
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A very simple assumption, particularly appropriate with cracking soils, is for the nominal wetted
perimeter for infiltration to be the furrow spacing.

The SCS intake families were developed for furrow irrigation with an empirical wetted perimeter in
mind. This wetted-perimeter function is the default option for the selection of the SCS families in the
previous window, but the Advanced user can change this to any of the above to study the effect of
this assumption.

Resistance to Flow -- Manning n

Both soil-surface drag and the drag of inundated vegetation on the flowing irrigation stream are
assumed to be characterized by a single value of the coefficient n in the Manning formula,
independent of both flow rate and depth. For a given flow rate and bottom slope, a large value of n
leads to a large flow depth, a small value to small depths.

The standard user can select either to supply a numerical value for the Manning n, or accept the
values suggested by the SCS for a number of soil and crop conditions. Recent measurements
suggest that the SCS recommended values may be somewhat low.

Roughness -- Manning n

Enter a value for the Manning n.

Roughness -- SCS Suggested Manning n

Recent measurements suggest that the SCS recommended values may be somewhat low.

Enter your selection of SCS recommended value.

These options are available only at the Advanced level:

If appropriate field data are available, the Manning n value can itself be allowed to vary as a power
law of water depth -- to reflect the formula's inherent unsuitability for shallow flows with large
roughness elements. Thus, if no variation with depth is assumed, the coefficient Cn is the constant
value of the Manning n; otherwise, Cn is the coefficient and An the exponent in a power-law
relationship.

An alternative resistance formula, more physically based than the purely empirical Manning formula,
is the logarithmic Sayre-Albertson relationship, similar in its origins and form to the Colebrook-White
expressions for pipe flow. Here the absolute roughness of the soil surface is given by the variable,
chi, measured in units of length. Despite its theoretical advantages, typical field values of chi are not
generally known.

Submerged vegetation plays a role in resistance to water flow quite different from that of the soil
surface. While the latter exerts shear only at the flow boundaries, vegetation exerts a form drag over
the entire depth of submergence, depending heavily on the density of growth -- measured as frontal
cross-sectional area per unit plan area of the flow channel (typically a border strip, or basin) per unit
depth. The units of vegetative density are L"-1. Evaluation of vegetative drag, which can be
substantially greater than the drag of the soil surface, is still in an experimental stage. For example,
in a laboratory setting, with artificial vegetation in the form of vertical wires of diameter D uniformly
spaced on a grid with N wires per unit floor area of a flume, the vegetative density is ND. In the field,
it is still common practice to lump the two components of drag, surface and vegetative, together and
express the result through a constant value of the Manning n, ignoring the form-drag characteristics of
submerged vegetation altogether.
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Roughness -- Manning N Advanced, Vegetative Drag

The fundamental unsuitability of the Manning formula for shallow flow in channels of high roughness
has suggested allowing the Manning n to vary with depth, specifically as a power law in depth. Cn
represents the coefficient in this power law, i.e., Manning n at unit depth, while An is the exponent in
the power law. If there is no variation in Manning n with depth, Cn is the constant n value, and An=0.

Also enter the vegetative density, assumed independent of depth
Roughness -- Sayre-Albertson Chi, Vegetative Drag

The Sayre-Albertson chi, possessing units of length, is a measure of absolute roughness of the flow
channel. Itis essentially an indicator of the height of the roughness elements, but is influenced by the
micro-geometry: element shape, size distribution, spacing density, etc. The Sayre and Albertson
logarithmic formula for hydraulic drag, in general, follows drag variations with depth more closely than
the Manning formula, but its structure does not permit the hydraulic radius of flow to be less

than chi. In fact, at a hydraulic radius equal to chi, the calculated drag is infinite.

Any distance or time variation in the Sayre and Albertson chi value is entered in a table, constructed
by the user in the data window by inserting lines as necessary. The + button in the table brings up
time levels at which parameters are to be defined.

Vegetative density is expressed in area of vegetation facing the flow, per unit plan area, per unit

depth. It is assumed independent of depth. Drag per unit length of flow is calculated from the
estimated form drag of the vegetation.

Inflow Management

Allowable inflow-time patterns are the standard, consisting of a single pulse of given rate and
duration, but allowing for cutback and a table of flow rate vs. time.

Inflow Management -- Standard Hydrograph

The time component of the inflow hydrograph can be specified either in terms of so many hours or
minutes from the start of the irrigation, or in terms of the location of the stream front, when a change
in flow rate (either a cutback or cutoff) is to be initiated.

Cutoff based on distance can depend in various ways on the stream behavior. This matter can be
explored in the screen activated by pressing More, available only to the advanced user.

These options are available only at the Advanced level:

Downstream control of inflow depends upon the advance of the irrigation stream down the field.
Inflow can be cut off when the stream reaches a given point down the length of run, or when a given
infiltration depth has accumulated there, or when the point has experienced a given infiltration-
opportunity time.

Upstream control, available only in sloping border strips, is designed to cut off the inflow at such time
that the target depth is infiltrated at the upstream end just as recession begins there. The prediction
of lag time necessary to specify such cutoff is performed by internal software interpolating within a
dimensionless database of previously run simulations.

System Geometry
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The choices reflect the allowable variations in system geometry with distance down the length of run.

The selection of furrow cross-section description or border or basin irrigation is made here. The
(symmetrical) furrow cross section can be assumed approximated either by a trapezoid or by a power
law in which the water-stream top width is assumed to vary in proportion to water depth raised to
some exponent.

A Border Strip can have either an open end or a blocked end. Open End means free fall into a
drainage ditch; Blocked End means no runoff whatsoever. Flat-planted Basins are not furrowed, are
blocked at the downstream end, and can be set to any slope. They are equivalent to closed-end
border strips.

Drainback into the supply ditch is enabled by checking this box in the Upstream boundary condition.
Backflow begins when the water level in the supply ditch drops below the upstream surface elevation
of the irrigation stream. Drainback, with its negative inflow after cutoff, allows higher efficiencies and
greater control in basin irrigation, particularly with small target depths of infiltration, than simply cutoff
to zero inflow. This option is allowed only with the standard or tabulated inflow hydrographs, and with
the Zero-Inertia simulation mode.

Specification of the longitudinal bottom configuration can be made either in terms of bottom slopes or
a table of distance vs. elevation.

Simulation Control

The advanced user can select a basis for simulation.

The Saint Venant equations contain all the acceleration terms in an unsteady open channel flow;
these are typically very small in surface-irrigation flows.

The Zero-Inertia model deletes the acceleration terms to provide a more robust simulation. This is
tantamount to assuming that the forces stemming from depth variations with distance, bottom slope,
and hydraulic drag are in equilibrium. Comparisons with solutions to the Saint Venant equations show
that this assumption is adequate in surface irrigation.

As the slope of the flow channel increases, the zero-inertia formulation becomes increasingly difficult
to apply, requiring subdivision of the advancing-stream length into many small cells, especially at the
downstream end, where depth increases very rapidly with distance back from the front. These
computational difficulties are avoided by utilizing the Kinematic-Wave mode of solution.

For steep slopes, the contribution of the depth gradient to the force balance is very small and can be
neglected, leaving equilibrium between the force of gravity downslope and the hydraulic drag
upslope. This is the basic premise of the normal-depth kinematic wave.

The default transition between zero-inertia and kinematic-wave formulations lies at a bottom slope of
0.001.

Simulation Control -- Cell Density

Cell density influences the number of cells into which the stream is divided for the numerical
simulation. Furthermore, the smaller the cell size, the smaller is the initial time step. The time step
typically grows with time, depending on the behavior of the simulation, while the cell sizes are fixed
with time.

A coarse grid selects 1/5 of the length of run for the initial cell size; medium, 1/10; fine (a typical
default), 1/20; and extra fine, 1/40. Smaller cells are accommodated by entry of numbers greater than
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40, following selection of Numerical Entry.
Simulation Control -- Numeric

This experimental group of parameters are available only to users at the program-developer level.
They should not be changed without consultation with the Arid-Land Agricultural Research Center,
Maricopa, Arizona, as modifications can result in unexpected simulation behavior.

The most physically based parameter is YTREC, a water depth below which recession is assumed to
occur. While depths within the computational boundaries can be less than YTREC, recession time for
a point is determined by the time its depth crosses YTREC. YTREC is defaulted to 1/2 millimeter
(see sample data file, DUNKLIN, for effect of various YTREC when infiltration is negligible -- stopped
by an impenetrable layer beneath the soil surface).

NYUBC is the number of time steps over which the drop in inflow water depth to zero is assumed to
occur in drainback operation of a basin upon cutoff (S 1360).

NIWAIT is the number of times that the Newton-Raphson correction vector is allowed to be shortened
to forestall premature recession.

IT40 is a flag pertinent to selection of cutoff when a given depth has infiltrated at a given point along
the length of run. If IT40 is set to 1, cutoff is initiated, instead, when the low-quarter average of
infiltrated depth equals the given value.

RDFCT, defaulted in shell to 0.0, and in engine (I11.FOR) to 1.0; used in SA 6020+: if I=IPTQBK-1,
RCMAX=RCMAX*RDFCT, RMMAX=RMMAX*RDFCT.

NDXKG is the minimum number of cells between KG (S 1350). Defaulted in shell to 0, in engine, to
1.

VDBL1 is used in subroutine VOLUME_BASED_DT (666): VQ_KRB(1)=VDB1*DELTA_VZ_KRB. Any
shell value less than 1.0 is changed to 1.0 in the engine.

DTLRAT is the fraction of field length constituting the minimum allowable advance increment (S 100-
). Shell default is 0.5; this (or any value .LE. 0.0) leads to engine value of 0.005

QCOAVG, Auto RDT (group3autoRDTChange in DATA.FI), IDT (group3IDTChangeMax in DATA.FI)
not used (SRFR 4.06)

Simulation Control -- Solution
The advanced user can override the default values for certain parameters of the numerical solution.

The simulation runs in dimensionless mode: physical variables are divided by reference variables
with the same dimensions to yield dimensionless counterparts. Two systems are available in SRFR.
One, based on normal depth at the given inflow in the given flow channel, is only possible in sloping
channels and is the default for sloping channels. The other, based on a reference time (equal to
cutoff time, if that is known), is the necessary default for horizontal channels, or those with adverse
slope.

RDTSTG is the rate at which the solution time step is intended to increase, if and when the irrigation
stream forms an essentially stagnant pool (SA 4440) (default: 1.2).

RO (timeStepCtrIR0) is the dimensionless first guess for depth at the end of the first time step of
advance. Any value set here < 0.05, will revert back to 0.1 in the engine.
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R1 (iterationCtrlR1) is not in currently in use (SRFR 4.06).

FILFT is the weighting coefficient for left-side cell values in determining an average. Right-side
values are multiplied by (1-FILFT). In zero-inertia and St. Venent modes, FILFT defaults to 0.5, while
in KW mode, the default is 0.0.

STOPI is the maximum number of time steps to be run in the simulation. An upper limit has not been
established; the default is 1451.

TSTORP is, similarly, an upper time limit on the simulated irrigation. The default is one week.

RCMXR and RMMXR control the tolerance to which the conservation-of-mass and conservation-of-
momentum equations must be satisfied to complete a time step. These are both decimal fractions of
the sum of the absolute values of the terms in the equations.

If the number of iterations required to satisfy the tolerances exceeds JHI (default: 7), the subsequent
time-step sizes will be decreased.

If they fall below JLO (default: 6), the time step will be increased.

JMAX is the number of iterations allowed for convergence before corrective action is taken (default:
20).

JCOUNTMAX is the total number of iterations allowed in one time step (default: 60).
Simulation Control - Diaghostics

For troubleshooting, the SRFR simulation engine writes diagnostic information of various types to the
file SRFR.DGN housed in the subdirectory, DIAGNSTC, a child of the one containing the SRFR
program files. To strike a balance between utility and ponderousness, the user should select
judiciously the type of information written. The file can easily grow in size to tens of megabytes.

Additional "diagnostic” flags are made available for experimental transmission of Soil
Erosion/Transport information to SRFR.

Simulation Control - Graphics

This window controls the appearance of the animated surface-water and infiltrated-depth profiles
generated in the course of the simulation. It also enables recording hydrographs and stream profiles
during the simulation.

The first choice, Profile Forms, determines whether elevations or depths are plotted. Selection is
made by scrolling with the arrow and clicking on the desired option. Elevation plotting identifies a
sloping soil surface, at the bottom of a furrow or in a basin or border strip. Surface-water flow depths
are shown above that line, to the same scale as the soil-surface elevations, and depths of infiltration
are shown below it.

In steep slopes, the change in bottom elevation over the length of run dwarfs the surface-water
depths, and the profile of the surface stream becomes barely visible. To discern its configuration
(and the behavior of the simulation), it is necessary to plot depths, instead of elevations. The sloping
soil surface, then, is not shown sloping, and the surface-water flow depths occupy a significant portion
of the screen. The disadvantage to this kind of plot is that behind any obstruction in the flow channel
(say a blocked end), flow depth rises, and the plot appears to show an upward sloping water surface.
When it is recalled that the water surface shown represents depth, and not water-surface elevation,
this problem vanishes.
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The remaining entries relate to the scales to which the animation is shown. By default, scales are
chosen which will in most cases adequately accommodate the entire simulation. Manipulation of the
5 ratios, RLLEFT, RLRGHT, RYBOT, RYTOP, and RFSZ enables zooming in to magnify some
portion of the area of animation.

The default horizontal full scale is the length of run.

RLLEFT (default: 0.0) specifies the fractional length of run comprising the left boundary of the
display, and RLRGHT (default: 1.0) specifies the fraction of length of run comprising the right-hand
boundary of the display.

For example, to limit the display to the region between 80% of field length and 90% of field length, set
RLLEFT=0.8 and RLRGHT=0.9.

Similarly, the default vertical full scale allows plotting points between the lowest bottom elevation and
the field surface (or border berms).

RYBOT (default: 0.0) is the fraction of this full scale below which elevations are not shown, while
RYTOP (default: 1.0) is the fraction of this full scale to which elevations
are shown.

Depths of infiltration are always shown from 0.0 to some full scale.
RFSZ (default: 1.0) is the fraction by which the default full scale is multiplied.

RFSX, RFSY, RFSH, play similar roles and will not survive if user experiences demonstrates no
need.

The Profile Table provides a list of irrigation times at which a record of the surface-water profile is
desired (recall that all of the graphed information is stored in a text file which can be viewed from
within SRFR or in any text editor; the file bears the same name as the data file, and an extension
identical to the simulation number).

Hydrographs are prepared, by default, at the inflow and outflow sections. Discharge and depth can be
recorded also at intermediate locations, to be entered in the Hydrograph Table in this window.

Results

Performance Parameters are headed by a restatement of salient input conditions: length of run,
border-strip width or furrow spacing, target depth of infiltration for the irrigation, inflow rate, and final
cutoff time. The performance of the irrigation is then displayed in the following terms:

e XCO - advance at cutoff (if this is less than field end).
e TL - time for stream to advance to field end.

o AE - application efficiency, defined as volume infiltrated within the target depth, in ratio to the
total volume of inflow, expressed as a percent.

e PAEmnN - potential application efficiency of the min, is the application efficiency calculated on
the basis of a new target depth, exactly equal to the minimum of the simulated distribution.
Note that this is different from the standard definition of PAEmn, which calls for a cutoff time
of just such magnitude that the resulting minimum depth just equals an independently given
target depth. A simulation based on an arbitrary cutoff time cannot yield this value.
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e PAEIq - potential application efficiency of the low quarter, is the application efficiency
calculated on the basis of a new target depth, exactly equal to the average of the simulated
low quarter of the distribution. Note that this is different from the standard definition of
PAEIq, which calls for a cutoff time of just such magnitude that the resulting low quarter depth
just equals an independently given target depth. A simulation based on an arbitrary cutoff
time cannot yield this value.

e DUmin, the distribution uniformity of the minimum, is the ratio of the minimum depth of
infiltration in the post-irrigation distribution to the average infiltration depth.

e DUIq - distribution uniformity of the low quarter, is the ratio of the average of the low quarter
of infiltration depths to the average infiltration depth.

e ADmin, adequacy of the minimum, is the ratio of the minimum depth to the target depth of
infiltration.

e ADIq - adequacy of the low quarter, is the ratio of the low-quarter average depth to the target
depth of infiltration.

¢ Dinf - average depth of infiltration in the length of run after the irrigation is completed.
e Dmin - minimum depth in the post-irrigation infiltration distribution.

e Dlqg - average of the low quarter of post-irrigation infiltrated depths in the length of run.
o RO % - percentage of the inflow that runs off the end of the field as tailwater.

e RO d - volume of runoff, expressed as a depth over the field.

e DP deep percolation, represents the volume of infiltration, locally in excess of the target
depth, expressed as a depth over the field.

e Dapp applied depth, is the volume of inflow expressed as a field depth.
e Cost - cost of irrigation water per unit area of field.

e Ymax - maximum depth of water in the border strip, basin, or furrow and indicates the degree
of freeboard available. If an overflow condition has occurred during the simulation, the word
OVERFLOW! appears. (Overflow is accounted for in furrow irrigation by means of the
physical assumption that neighboring furrows on either side have identical flows; overflow is
not accounted for in border or basin irrigation.)

The Performance Synopsis graph displays the longitudinal post-irrigation distribution of infiltrated
water, as well as a series of numerical performance indicators: efficiency, uniformity, etc. The user
can select performance based on the minimum depth in the distribution, or on the average low-
guarter depth. And the distribution curve can be selected either as reflecting the actual, physical
location of each infiltrated depth, or else ordered by magnitude, i.e., simply ranging from maximum to
minimum, as a function of the percent of field area with that amount or more infiltrated.

The Hydraulic Summary is a combination graph, showing for each selected simulation: the inflow
hydrograph, the advance and recession curves, the runoff hydrograph, and the longitudinal post-
irrigation distribution of infiltrated water.

The Advance and Recession curves show these trajectories on a common set of axes.
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If recession takes place well after the end of the advance phase, the time scale needed for plotting
the two together makes the advance appear instantaneous. To view the behavior of advance with
time, select the Advance Trajectory graph.

The longitudinal post-irrigation distribution of infiltrated depths can be viewed either as a function of
distance down the field, or ordered in magnitude (see Performance Synopsis, above).

The infiltrated depths shown are field depths -- i.e., volumes per unit plan area of field, and so, for
furrows, incorporate both the assumption made for the influence of wetted perimeter on infiltration
and the furrow spacing.

The inflow, outflow (runoff), and any selected intermediate flow hydrographs are superimposed on a
single time scale in this option.

Alternately, the inflow, outflow, and any selected intermediate depth hydrographs can be viewed
superimposed on a single time scale in this option.

Water-surface-elevation profiles developed at selected times during the irrigation are viewed with this
option. Alternately, depth profiles can be viewed.

Simulation Animation

The screen is broken into two regions. The upper portion shows the irrigation stream, with its surface
above the bottom of the flow channel a distance equal to the actual depth. The lower portion of the
split screen displays the infiltration profile, drawn at a distance equal to volume infiltrated per unit field
area. Thus the significance of the depth scales above and below the channel bottom is not exactly
the same.

The water surface in isolated depressions sometimes appears humped, rather than level. This stems
from the simplifying assumptions made to speed up the calculations of infiltration from such ponds.
The effect on the infiltration distribution and recession times is negligible.

Shown on the animation frames (and influencing the vertical scale) are the top of the furrow (or top of
border or basin berms). During periods of overflow (accounted for in furrow simulations with the
physical assumption that neighboring furrows on either side have identical flows; not accounted for in
border or basin simulations), a message appears on the screen, near the point of overflow.

The top of the furrow (field soil surface) or berms is assumed fixed with time, as the flow-channel
bottom changes with assumed erosion or deposition.

Also shown is the target depth of infiltration. The default vertical scale is influenced by this amount,
and by the total expected depth of infiltration.
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4 Terminology

Water Flow
Q - Inflow Rate
R - Cutoff Ratio - Ratio of advance at cutoff to field length.

Tco - Cutoff Time

TL - Advance time to end of the field.

Infiltration

Kostiakov Formula: Zn =k * Tn"a

Zn - Infiltration depth at time Tn.

k - Coefficient constant. Represents the relative ease at which water infiltrates into the soil.
The larger k, the easier water infiltrates into the soil. Sandy soils will have larger k values
than clay soils.

Tn - Time.
a - Tn exponent. Represents the change in infiltration rate as the soil saturates with water. The
value of a is between 0.0 and 1.0 (usually between 0.3 and 0.8). The larger a, the slower the

infiltration rate changes as the soil absorbs water. Sandy soils will have larger a values than
clay soils.

Modified Kostiakov Formula: Zn=k*Tn"a+b*Tn+c

See Kostiakov Formula above for Zn, k, Tn & a terminology.
b - Constant infiltration rate.

c - Immediate infiltration depth due to newly tilled or cracked soil. This represents water that
quickly flows into air spaces in the soil.

Infiltrated Depth

d(x) - Function describing the infiltrated depth along the length of a field.

Dapp - Average depth of applied water, or, applied volume expressed as an equivalent average
depth.

Dapp = Dinf + Dro and sometimes approximately
Dapp = Dreq + Ddp + Dro
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- Average depth deep percolation, or, deep percolation volume expressed as an equivalent

- Average depth of infiltrated water, or, infiltrated volume expressed as an equivalent average

- Low quarter average infiltrated depth = average depth for quarter of field receiving the least

- Average depth of runoff, or, runoff volume expressed as an equivalent average depth.

Ddp
average depth.
Dinf
depth.
Dinf = Dreq + Ddp (approximately)
Dlq
infiltrated depth (not necessarily contiguous).
A function of d(x)
Dmin - Minimum infiltrated depth.
Minimum of d(x)
Dreq - Required or target application depth.
Dro
Dz - Infiltrated depth contributing to the irrigation target

Dz = Dinf - Ddp

Performance Measures

RO% - Runoff fraction
RO% = Dro / Dapp
DP% - Deep Percolation fraction
DP% = Ddp / Dapp
ADIq - Low-Quarter Adequacy

ADIq = Dlqg / Dreq
ADmin - Minimum Adequacy

ADmin = Dmin / Dreq

DUIq - Low-Quarter Distribution Uniformity
DUIq = Dlq / Dinf
DUmin - Minimum Distribution Uniformity

DUmin = Dmin / Dinf
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AE - Application Efficiency
AE =Dz / Dapp

PAEIlq - Low-Quarter Potential Application Efficiency
PAEIlq = DUIq * (1 - RO%)

PAEmin - Minimum Potential Application Efficiency

AE =Dz / Dapp
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SRFR 107

SRFR Theory of Operation 123
System Geometry Tab 22

_T-

Technical Background 100

Terminology 135
Theory of Operation 110
Tools 46

Two-Point Data Tab 37

U -

Units 73

User Level 52

User Preferences 52
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